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INTRODUCTION 
Pseudorabies (Àujeszky's disease) is caused by a herpes­
virus that is infectious to a broad spectrum of animal life. 
The disease in nature is usually fatal for most animals, with 
swine being much more resistant. Variations in virulence of 
pseudorabies viral strains may be observed in swine, and the 
age-related resistance seen in swine is not seen in other 
species [1] . 
Dogs can be infected with pseudorabies virus (PRV) by a 
variety of routes under laboratory conditions [2,3,4], The 
disease has been initiated by feeding infectious material and 
by subcutaneous, intramuscular, intracranial, or intraocular 
inoculation. Under natural conditions, a significant number 
of reports indicate the source of virus to be virus-
contaminated flesh from swine and sometimes of cattle or rats 
that was consumed by the dog [5,6,7,8]. 
The number of PRV infections among swine has been 
gradually increasing in the United States since 1962, and as 
an expected corollary the number of reports in other suscep­
tible species has also increased [9]. Thus, the number of 
canine infections has increased dramatically but is essen­
tially confined to rural areas [10] . Reports about canine 
infections have focused mainly on lesions of the gastro­
intestinal tract and central nervous system or on lesions 
associated with self-trauma ("mad itch"). Several investi-
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gators have alluded to a possible cardiomyotropism, because 
acute myocardial inflammation has been noted [3]. Also, the 
occurrence of degenerative lesions in the cardiac autonomic 
ganglia of PRV infected swine has led to questions about a 
possible cardioneurogenic pathogenesis of death as a result of 
fatal syncope of the heart [11] . Little attention has been 
given to these extraneural lesions in this disease. 
3 
OBJECTIVES 
The objectives of this study were; 
1. To determine if pseudorabies virus has a cardiomyo-
tropism in the dog and evaluate any myocardial 
lesions. 
2. To evaluate the serum isoenzyme levels of creatine 
phosphokinase and lactate dehydrogenase in dogs 
after inoculation with pseudorabies virus. 
3. To evaluate elctrocardiographic tracings in dogs 
inoculated with pseudorabies virus. 
4. To evaluate by electron microscopy ultrastructural 
changes of the heart in dogs inoculated with 
pseudorabies virus. 
5. To evaluate the distribution in tissues and shedding 
of pseudorabies virus in secretions of infected 
dogs. 
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LITERATURE REVIEW 
Aujeszky's disease was first reported by Aladar Aujeszky 
in Hungary in 1902, when he investigated fatal cases of the 
disease in a bull and a dog. He was able to use material from 
the brains of these animals to infect laboratory animals. The 
syndrome was described and differentiated from rabies [12]. 
Epizootics now thought to have been pseudorabies (PR) 
first appeared in the midwestern United States about 125 years 
ago [13] . Published reports of that time describing a rubbing 
disorder, or "mad itch," appear to agree in all aspects with 
the clinical signs of PR later reported by Aujeszky. However, 
it was not until 1931 that Shope demonstrated that "mad itch," 
occurring in cattle in Iowa, was caused by a filterable virus 
that was immunologically identical with the Hungarian strain 
of PRV [14] . Shope later showed that swine were the source of 
infection for cattle, with the transmission of virus occurring 
from nasal secretions of swine through abraded skin of 
cattle. He later concluded from serological studies that PR 
was a highly prevalent, unrecognized disease in midwestern 
states [15,16]. 
Since this first recognition of PR, there have been 
numerous outbreaks in most swine-producing countries of the 
world. The disease has been a persistent source of important 
losses among swine and cattle in Europe, especially the Balkan 
countries [9] . 
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The disease has been of growing importance in the United 
States since the early 1970s. In late 1973 and in 1974, there 
was a marked increase in the number of cases and severity of 
losses [17]. 
The host range of most herpesviruses is limited, but PRV 
can infect many species. Swine tend to be more resistant than 
other susceptible species and are the primary reservoir 
[1,18]. Cattle, dogs, cats, and sheep are highly susceptible 
and suffer fatal infections in most cases [5,19-21]. 
Fatal infections in wild animals such as raccoons and 
rats have been reported on a number of occasions [22-25]. A 
carrier state with periodic shedding of the virus has not been 
proven in wild animals [26] . Many of these animals are more 
resistant than domestic animals and when infected shed only 
low levels of virus [27,28]. 
A brief review of PR in swine is presented next to 
familiarize the reader with the disease. The remainder of the 
literature review will concentrate on the more specific 
aspects of this research. 
Pseudorabies in Swine 
In swine PRV infection causes large death losses in 
susceptible baby pigs and fewer fatalities in mature swine 
[17]. Susceptibility is dependent on a number of factors 
including; (1) route of exposure, (2) dose size, (3) viral 
strain, (4) immune status of the animal, and (5) stress to the 
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animal [1,29]. An important feature of PR in this species is 
the development of persistent and latent infections. The 
occurrence of latent infections in swine poses one of the 
major obstacles for eradication of this disease [18,30-32]. 
Nervous signs of incoordination, opisthotonus, and 
convulsions are noted at some time during most outbreaks of PR 
[33-35]. In some cases respiratory distress may also be a 
prominent feature [36,37]. Other clinical signs may include 
fever, anorexia, constipation, excessive salivation, 
lassitude, spontaneous muscle spasms, vomiting, paddling, 
prostration, convulsions, coma, and death [1,9,23,38]. These 
signs may develop over a time as short as 24 hours or as long 
as 200 hours. The age of the pig and its immune status are 
very important in the eventual development of any clinical 
manifestations [39]. Abortions, stillbirths, and mummifi­
cations, are noted consequences of PRV infections in pregnant 
sows [40] , 
It is well-established that naturally occurring disease 
follows infection of the nasal cavity. Viral multiplication 
occurs at this initial site, with spread along cranial nerves 
by axoplasmic flow to the central nervous system [41,42]. The 
olfactory bulbs, the nucleus solitarius and trigeminal nucleus 
in the medulla, and the gasserian ganglion of the pons are the 
main primary foci of infection in the central nervous system 
with spread to cerebral interpretive centers from these areas. 
This dissemination of the virus within the brain is rapid 
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[42] . 
Strains of virus responsible for the respiratory form of 
PR multiply rapidly within the lungs, producing widespread and 
severe pneumonia [36,37]. 
Viral spread from the tonsils or the respiratory tract 
via the lymphatics may lead to invasion of parenchymal cells 
of other organs, with viremia being a feature with some 
strains [43]. 
Gross lesions of PR depend on the particular vial strain 
involved. In the nervous form, few if any lesions are found. 
Excessive hyperemia of meningeal vessels is occasionally seen 
[34,44]. In the combined respiratory and nervous form, 
rhinitis and pneumonia are usually present. The nasal 
passages may be congested with variable degrees of suppuration 
and ulceration. Purulent pharyngitis, tonsillitis, and 
tracheitis, with varying degrees of necrosis, are common in 
many field outbreaks. The lungs are usually congested, 
consolidated, and edematous [35,37,45]. In suckling and small 
weanling pigs, there may be whitish, 1-2 mm necrotic foci in 
the liver, spleen, and tonsils [35]. 
Histologic lesions in the central nervous system are 
characterized as nonsuppurative meningoencephalomyelitis and 
ganglioneuritis. Perivascular cuffs of variable thickness are 
a consistent finding. The cuffs are composed of lymphocytes, 
macrophages, eosinophils, and some neutrophils. Edema, 
reactive astrocytosis, focal or diffuse gliosis, neuronal 
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degeneration, malacia, and demyelination may all be observed 
at one time or another [34,44]. Endothelial cell damage as a 
component of vasculitis can be found within the central 
nervous system. 
Intranuclear inclusion bodies are not commonly found but 
may be located in neurons, astrocytes, and oligodendroglia in 
the cerebral cortex and subcortical white matter [21,44,46]. 
Lesions in the cerebrum are most striking in the frontal 
and temporal sections, and changes in the brain stem are most 
obvious in the areas of the various nuclei. Generally, there 
are fewer lesions in the dorsal half of the brain stem [34]. 
The nasal cavity and pharynx have varying degrees of 
epithelial cell necrosis. Necrotic foci are usually 0.1 to 2 
mm in diameter. Intranuclear inclusions may occur in 
epithelial cells, and variable numbers of infiltrating mono­
nuclear inflammatory cells and neutrophils are seen [35-
37,47,48]. The lungs are characterized by a prominent 
inflammatory cell infiltrate in the bronchial and bronchiolar 
mucosa, with accumulations of exudate within airway lumens. 
Focal areas of necrosis in alveoli, bronchioles, and bronchi 
are also noted. Congestion, hemorrhage, and intra-alveolar 
edema are usually found. Vasculitis and intranuclear 
inclusions are also frequently observed with some strains of 
PRV [36,37]. 
Necrosis has also been observed in a number of other 
organs such as liver, spleen, and tonsils [29,35,43]. These 
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lesions usually are represented by variably sized zones of 
coagulative necrosis with neutrophilic and mononuclear 
inflammatory cell reaction. Intranuclear inclusions may be 
seen at the periphery of these areas. Regional vasculitis is 
not unexpected. Other organs in which lesions may be observed 
include the adrenal gland, eyes, lymph nodes, kidney, bone 
marrow, placenta, tongue, esophagus, testicle, intestine, and 
heart [29,35,43,49]. 
Necrosis of cells associated with the parabronchiolar 
innervation, as well as necrosis of nerve cells of the 
stellate ganglia, celiac plexus, cardiac ganglia, and 
mesenteric plexus of the autonomic nervous system, are 
particularly interesting in regards to this research [11]. 
Pseudorabies in Dogs 
Aujeszky's first publication on the infectious nature of 
PR includes a description of the syndrome in dogs [12]. The 
literature contains many reports of PRV infections in dogs 
from both urban and rural areas in all parts of the world. 
The disease occurs more commonly among dogs in areas in which 
swine are raised or consumed [10]. 
One of the earliest cases recorded in the United States 
was reported by Brown in North Carolina in 1939. The 
diagnosis was based upon clinical signs of pruritus rapidly 
followed by death of the animal [50] . A similar case was 
reported in 1952 in Georgia, and again the diagnosis was based 
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only upon clinical signs [51] . 
In 1953, Edison reported the recovery of PRV from the 
brains of four naturally infected dogs from southeastern 
United States [4]. Each of the four isolates produced 
pruritus when inoculated intracerebrally into mice and were 
serologically similar to the virus isolated by Shope from 
swine in the midwestern United States. 
Flir, in 1955, described myocardial necrosis and 
hemorrhage in dogs with experimental PR [3]. 
Hullaney and Murphy isolated PRV from the brains and 
spinal cords of two dogs naturally infected with PRV [52] . 
The virus was recovered by rabbit inoculation and by direct 
passage from pathological specimens to monkey kidney and HeLa 
cell monolayers. The cytopathic effects produced in cell 
cultures were readily recognizable and resembled those caused 
by herpes simplex virus. They deduced that cell cultures thus 
provided a satisfactory means for directly isolating, 
passaging, and assaying the infectivity of PRV. Identity of 
the virus could be established by serum neutralization tests 
[52] . 
A detailed account of macroscopic and microscopic lesions 
of naturally occurring canine PR was provided by Dow and 
McFerran in 1963 [5]. Gross lesions were characterized as 
severe local trauma and self-mutilation at the site of 
pruritus, with swollen and congested regional lymph nodes. 
Pulmonary edema was evident in each of the three dogs 
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examined. Other viscera appeared normal. Some congestion of 
the meninges and excessive cerebrospinal fluid were noted [5]. 
Histologically, each dog had an area of dermatitis 
associated with characteristic viral lesions in ganglia of the 
related spinal or cranial nerves. Lesions within the brain or 
cord were most severe in nuclei receiving afferent fibers from 
the affected ganglia. Damage within the central nervous 
system was comparatively localized. Alterations ranged from 
central chromatolysis to necrosis of all neurons in affected 
nuclei, with many cells containing typical inclusions. 
Moderate diffuse gliosis and neutrophilic infiltration in the 
neuroparenchyma accompanied by perivascular cuffing with 
mononuclear cells, were observed in affected areas [5], 
Changes were not detected craniad to the mesencephalon in 
those dogs in which the primary lesions were in the trigeminal 
nuclei. The distribution of the virus within the central 
nervous system in these three dogs was remarkably correlated 
with the distribution of detectable lesions [5]. 
Knosel in 1968 described similar lesions in three other 
naturally infected dogs [53]. 
A tragic canine PRV infection in a kennel was reported in 
Sweden in 1972. In a building housing about 45 dogs, 14 died 
of pseudorabies. Uncooked pork from a packing house was the 
probable source of the virus. A nonpurulent meningoencepha­
litis of the medulla oblongata was found in several of the 
dogs, but other lesions were not described [54]. 
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A similar outbreak, noted by Gore in southwest England, 
caused the death of 11 dogs in a pack of 51 animals [6]. 
Significant gross lesions were found in the alimentary canal 
of every dog. Lesions varied from mild ulceration in the 
esophagus and stomach to severe inflammation of the stomach. 
A diphtheritic appearance of the mucosa of the small intestine 
was noted. The thoracic organs had changes associated with 
heart failure, in particular passive congestion of the lungs 
[6]. Histologically, the striking abnormality present in the 
alimentary canal involved myenteric nerve ganglia. These 
ganglia had severe degeneration of neurons and an extensive 
mononuclear cell infiltrate. Inclusion bodies were found in 
the myenteric plexuses. Also, the brain had diffuse, low-
grade meningoencephalitis with severe degeneration of the 
Purkinje cells of the cerebellum [6]. 
Recently, Whitley and Nelson detailed two cases of canine 
pseudorabies, in which they found no signs of external trauma 
but did note frank blood in the stomach and small intestine of 
each dog [55]. Both cases had subendocardial and 
subepicardial petechiae and ecchymotic hemorrhage and 
scattered focal hemorrhages in the pulmonary parenchyma. 
Histologically, brain sections were characterized by 
perivascular cuffing, gliosis, intranuclear inclusions, 
satellitosis, neuronophagia, and occasional glial nodules 
[55]. The two cases were unusual because pruritus was not 
observed. 
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Similar neurological lesions were reported by Shell in 
1981 in a 5 year old crossbred dog, but no intestinal or 
cardiac lesions were noted in this case. Clinical signs 
included depression, salivation, head pressing, and ernesis. 
Pruritus was not observed [7]. 
Viral Cardiomyopathies 
The most frequently reported cause of myocarditis in 
children has been attributed to the group B coxsackieviruses. 
Usually, the infections are inapparent but patients may 
display fever, respiratory distress, and circulatory 
disturbances [56]. In many cases, viral isolation has not 
been attempted, leading to an inadequate accounting of these 
infections. The diagnosis can be made by isolation of virus 
from throat swabs or fecal samples or by serum antibody titer. 
However, a rise in serum antibody titer may be misleading due 
to the fact that these viruses are very common and most 
individuals have some antibodies [57]. 
These viruses primarily cause cardiomyopathy in newborn 
and young children, but they also have the ability to cause 
heart disease in adults [58]. 
Histologically, myocardial lesions are usually 
characterized as a focal eosinophilic degeneration of muscle 
fibers and acute inflammatory changes, with infiltration of 
histiocytes, lymphocytes, and polymorphonuclear cells [59]. 
Coxsackievirus A does not usually produce lesions in adults 
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but may do so in children. Also, attempts to isolate the 
virus from adult tissues are often unsuccessful [57] . 
Polioviruses can cause myocardial disease in children and 
adults. Sometimes fatal complications develop [60]. In many 
of these cases, the hearts are enlarged and have variable 
dilation of the ventricles. Histologically, the lesions range 
from minimal acute myocarditis with eosinophilic degeneration 
of muscle fibers, edematous swelling, vacuolation, and loss of 
striation to severe inflammatory cell infiltration, myofiber 
fragmentation, and focal necrosis. Other changes include 
thrombus formation, pulmonary emboli, and endocardial 
fibroelastosis [61]. 
Echoviruses have been associated with heart lesions in 
both adults and children but only on rare occasions. They are 
more likely to be silent infections and appear to be less 
cardiotropic [62]. 
Rubella infections are usually associated with viral 
induced teratogenic complications and only on occasion cause 
inflammatory heart disease in children and adults [57] . 
Myocardial complications with influenza virus infections 
are uncommon in comparison to the number of respiratory tract 
infections [63] . However, secondary bacterial infections are 
often associated with influenza, and frequently it is not 
clear whether the presence of cardiac lesions are due to the 
virus or to bacteria. It has been difficult in some cases to 
determine whether myocarditis or valvular disease is virus-
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induced or represents a pre-existing lesion [64]. 
Evidence for heart failure with paramyxovirus mumps 
infections has been reported [65] . Isolation of virus in 
mumps infections has rarely been accomplished. However, the 
actual rate of infection in adults may be obscured, since most 
of these infections are subclinical. Endocardial 
fibroelastosis was identified in a young child with mumps, but 
viral antigen could not be demonstrated [66] . Increases of 
mumps antibodies in serum in children with clinical signs of 
endocardial fibroelastosis were not confirmed at autopsy by 
one investigator [57], but another reported positive mumps 
skin tests in cases of endocardial fibroelastosis [67]. 
Currently, this type of heart condition is thought to be a 
primary lesion of rare occurrence, the cause of which may be 
an infectious agent such as mumps [57]. 
Myocardial involvement is reported with measles but 
appears to occur infrequently. Microscopically, in some fatal 
cases of measles, the hearts have focal infiltrations of 
lymphocytes, histiocytes, and plasma cells, but a definite 
viral cause could not be established [68]. 
Among DNA viruses there are only a small number that have 
been associated with cardiomyopathies. In herpes simplex 
infections, the heart may be affected as part of the 
generalized disease, but direct damage is not evoked by viral 
replication in the tissue. Cardiopulmonary complications are, 
however, a significant part of the disease in newborn infants 
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[68] . 
Experimentally, herpes simplex types 1 and 2 have induced 
cardiac damage in suckling and weanling mice after intranasal 
inoculation. Signs of viral replication were detected in the 
myocardium, and lesions appeared to be more extensive in some 
of the more chronically infected mice that had survived more 
than 150 days [69]. 
Varicella and cytomegalovirus infections appear to 
provoke similar comments in their relationship to inducing 
myocardial lesions. Since many other organs are involved in 
generalized infections with these viruses, the cardiac damage 
may be a reflection of the overall process and not a specific 
myocarditis [64]. 
A higher probability for cardiac involvement is present 
with the Epstein-Barr agent, especially in young people. 
Myocarditis has been reported in 5-8% of the cases. In fatal 
cases, the myocardium is infiltrated by mononuclear inflamma­
tory cells [68 ,70] . 
The following agents have been associated rarely with 
myocardial lesions: smallpox, vaccina, infectious hepatitis 
virus, adenovirus, and chlamydia [57]. 
Several viruses can induce myocarditis by natural or 
experimental infection in a number of species of wild, 
domestic, or laboratory animals. While myocarditis is a major 
lesion in these infections, it is usually complicated with 
other pathological changes, such as encephalitis [71]. 
Encephalomyocarditis virus, a picornavirus, is a classic 
example of viral myocarditis. The virus was first isolated 
from a cotton rat and subsequently has been isolated from many 
different species of animals in most parts of the world 
[72,73]. As a spontaneous disease in animals, it is of 
greatest importance in nonhuman primates and swine, causing a 
fatal myocarditis without encephalitis. The principal lesion 
is interstitial myocarditis, with necrosis of myocardial 
fibers and a rather intense infiltration of polymorphonuclear 
and mononuclear cells [73,74], 
Foot-and-mouth disease virus has been associated with 
myocarditis in young lambs and calves [71,75]. These animals 
have pale streaks of myocardial necrosis on gross examination. 
The eastern and western equine encephalitis viruses were 
isolated from the hearts and brains of dead chukars and 
pheasants from five widely separated flocks of young birds in 
northwest Florida. These birds had a necrotizing myocarditis 
[76] . 
Coronavirus infection in both immature and adult rabbits 
can cause fatal cardiomyopathy characterized by focal 
myocardial degeneration, necrosis, and mineralization [77]. 
Paramyxovirus-induced myocarditis in young chickens was 
associated with direct myocyte infection. Focal myocardial 
necrosis preceded any inflammatory response by several days 
[78] . 
In laboratory animals, the coxsackie B viruses are 
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extensively studied, due to their importance in viral 
myocarditis in children [71]. The viruses replicate in 
myocytes, causing myofiber necrosis and inflammation [71]. 
In recent years, canine parvoviruses have been linked to 
epizootic outbreaks of viral myocarditis in young dogs 
[79,80], Some of the puppies that survived the acute disease 
developed ventricular myocardial fibrosis and died of 
congestive heart failure. Myocardial lesions in parvovirus 
infected dogs included diffuse interstitial edema, lympho-
plasmacytic cellular infiltration, and basophilic intranuclear 
viral inclusion bodies in myocytes. Mineralization was rare 
[80] . 
In gnotobiotic beagle pups under 10 days of age, canine 
distemper virus was associated with cardiomyopathy and was 
characterized by multifocal myocardial degeneration, necrosis, 
and mineralization, with minimal inflammatory cell response 
[81] . 
Isoenzymes in the Diagnosis of Myocardial Damage 
Levels of serum creatine phosphokinase (CPK) isoenzymes 
were first utilized in the diagnosis of myocardial infarction 
in 1966 [82]. The full potential of CPK isoenzymes levels as 
a diagnostic marker of myocardial infarction, however, was not 
fully realized until the early 1970s, in part because of the 
lack of a quantitative assay. 
Three isoenzymes of CPK {MM, BB, MB) have been identified 
19 
by electrophoresis. Extracts of brain and kidney contain 
predominantly the BB isoenzyme, skeletal muscle contains 
principally MM, and both MM and MB isoenzymes are present in 
cardiac muscle. In humans, small amounts of the MB isoenzyme 
are found in the small intestine, tongue, and diaphragm [83]. 
In dogs, MB isoenzyme also occurs in the gastrointestinal 
tract, as well as in the heart [84] . Despite these small 
amounts of MB isoenzyme in tissues other than heart, elevated 
serum activity of MB may be considered, for practical 
purposes, to be the result of acute myocardial infarction 
[ 8 5 ]  .  
Localized anoxia is the most prevalent cause of cell 
injury and leads to the loss of cell membrane integrity. 
However, cell death is not a prerequisite for the release of 
these isoenzymes from the cytoplasm [85]. 
Current methods for the evaluation of CPK isoenzymes 
include electrophoresis and ion exchange. Electrophoresis 
provides the best resolution of the 3 isoenzymes, although it 
is not as sensitive as some ion exchange methods [86,87]. 
Lactate dehydrogenase (LDH) has been recognized for years 
as a sensitive but nonspecific indication of disease in man. 
To improve the organ specificity of LDH changes, isoenzyme 
fractionation was developed [88]. 
On the basis of electrophoretic mobility, there are five 
distinct bands of LDH activity in human serum. High 
concentrations of LDH-1 and LDH-2 are found in the heart 
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muscle, erythrocytes, and renal cortex. The highest concen­
tration of LDH-5 is found in skeletal muscle, liver, ileum, 
and skin. In humans, the preponderance of LDH-1 in myocardial 
tissue and the longer half-life of LDH-1 causes the LDH-1;LDH-
2 ratio to be reversed when heart lesions have developed 
[68,86], Therefore, it is a highly sensitive indicator of 
myocardial damage, especially when total LDH is elevated. The 
normal LDH isoenzyme proportions for humans are approximately 
LDH-1 33% and LDH-2 42% [89,90]. 
Serum LDH-1 values in dogs are more variable than in man 
and are consistently higher than LDH-2. These values in 
normal dogs are in the range of LDH-1 14% and LDH-2 6% 
[88,90]. Because of this variability, LDH is reported to be a 
less sensitive indicator of myocardial damage in dogs. 
However, when compared to pretreatment values, LDH-1 levels 
are increased in nearly all dogs with experimental heart 
disease [89]» 
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MATERIALS AND METHODS 
Experimental Animals 
Twenty dogs of various breeds and sizes were obtained 
through the Laboratory Animal Resources (LAR) section at Iowa 
State University. These animals ranged from six months to 
four years of age. Upon arrival at the LAR farm, the dogs 
1 2 
were administered vaccines for rabies , canine parvovirus , 
2 2 2 
canine distemper , canine parainfluenza / canine hepatitis , 
2 3 
and leptospirosis . The dogs were also treated for 
intestinal parasites, and blood was examined for microfilariae 
of Dirofilaria immitis. All dogs were negative for antibodies 
against PRV using the microtitration serum neutralization test 
[91]. The dogs were housed in individual cages in an 
isolation room. 
The dogs were randomly assigned to one of five groups 
(Table 1). 
Each of the inoculated animals was administered 2.3x10^ 
plaque-forming units of PRV in 1 ml of Earle's balance salt 
solution (BBSS). The inoculum was given by one of the 
following routes depending on the group assignment: 1) 
intravenously in the cephalic vein, 2) intramuscularly in the 
^Rabguard-TC, Norden Laboratories, Lincoln, Nebraska. 
2 Sentrypar DHP/L, Beecham Laboratories, Bristol, Tenn. 
^Canopar, Burroughs Wellcome Company, Research Triangle 
Park, North Carolina. 
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Table 1. Treatment groups 
Group Identification no. 
I Control (uninoculated) 7, 9, 16, 20 
II Intravenous inoculation 1, 8, 11, 14 
III Intramuscular inoculation 3, 5, 10, 18 
IV Subcutaneous inoculation 2, 6, 13, 17 
V Oral-nasal inoculation 4, 12, 15, 19 
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semitendinousus muscle, 3) subcutaneously at the level halfway 
between the vertebral borders of the scapulae, or 4) oral-
nasally, with half the inoculum being given by each route 
using a sterile cannula. 
Viral Inoculum 
A field isolate of a virulent Iowa strain of PRV at the 
fourth cell culture passage was inoculated onto a 48 hour old 
monolayer of porcine kidney cells (PK 15). The virus was 
allowed to adsorb to the cells for 60 minutes at 37°C in a 5% 
COg atmosphere. The supernate was removed following 
adsorption and minimum essential medium (MEM) containing 2% 
fetal calf serum was added to the 150 cm cell culture flask. 
The flask was reincubated until 80-90% of the cells developed 
changes indicative of PRV infection. The flask containing the 
virus-infected PK 15 cells was frozen and thawed three times 
at -70°C and 37°C, respectively. The cells and supernate were 
then centrifuged at 3500 x g for 15 minutes in a refrigerated 
centrifuge. The supernate was divided into 1 ml aliquots and 
stored at -70°C. The supernate contained 2.3x10^ plaque-
forming units per ml. 
Viral Isolation from Tissues 
Tissue samples for viral isolation were obtained at 
necropsy from all twenty dogs and stored at -70°C until they 
were processed by personnel of the Iowa Veterinary Diagnostic 
Laboratory. The following is a list of the submitted 
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specimens: right and left atria; right and left ventricles; 
interventricular septum; residual composite heart sample; 
right and left stellate ganglia; right and left vagal nerves; 
right and left sympathetic nerve trunks; tonsil; adrenal 
gland; lung; liver; spleen; kidney; duodenum; jejunum; 
stomach; cerebrum; cerebellum; medulla; pons; thalamus; 
cervical, thoracic and lumbar spinal cord segments; and 
parotid salivary gland. 
A 10% suspension of each of these tissues was prepared in 
BBSS containing 0.11% NaHCOg, 1,000 p, g/ml streptomycin, 1,000 
units/ml penicillin, 50 p,g/ml Gentocin®^ and 5 |ig/ml 
Fungizone®^. This suspension was centrifuged at 1700 x g for 
20 minutes at 4°C. 
The supernate was placed on monolayers of Madin-Darby 
canine kidney cells (MDCK). The virus was allowed to adsorb 
to the cells for 60 minutes at 37° C in a 5% CO2 atmosphere. 
The supernate was removed following adsorption, and MEM was 
added. The cells were incubated at 37°C in a 5% COg 
atmosphere for 7 days. Examinations for cytopathic effect 
(CPE) were performed daily. When CPE was not observed, the 
cell monolayers were freeze-thawed and centrifuged to remove 
cellular debris, and the supernate was inoculated onto other 
MDCK cells. Two blind passages were made before they were 
^E. R. Squibb and Sons, Princeton, New Jersey. 
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considered to be negative. Fluorescent antibody tests were 
used to confirm PRV in cells with herpesvirus CPE [91]. 
Viral Isolation from Nasal and Oral Swabs 
Sterile cotton tipped applicators^ were used for swabbing 
the nasal and oral cavities of 2 dogs in each group. These 
samples were collected once daily beginning one day before 
inoculation and continuing until the dog died or was 
euthanatized. 
After swabs were taken, they were placed in sterile tubes 
containing BBSS and stored at -70°C until processed by Iowa 
Veterinary Diagnostic Laboratory personnel. 
Preparation of the specimens for viral isolation 
consisted of mixing the swab thoroughly with the 1 ml of EBSS 
and removing all of the liquid from the swab by compressing it 
against the side of the tube. The liquid was passed through a 
0.45 fj m filter onto MDCK cell monolayers. The virus was 
allowed to adsorb to the cells for 60 minutes at 37° C in a 5% 
atmosphere. The supernate was removed following adsorption, 
and MEM was added. These cell cultures were evaluated daily 
for CPE. When no CPE was noticed after 7 days, one blind 
passage was made before they were considered to be negative. 
Positive isolations were identified as PRV by use of the 
fluorescent antibody test. 
^American Scientific Products, McGraw Park, Illinois. 
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Histotechniques 
Tissues sampled for microscopic examination were the same 
as those listed for viral isolation. They were fixed in 10% 
neutral-buffered formalin, processed by routine paraffin 
techniques and sectioned at 6 ym. All sections were stained 
with hemotoxylin and eosin according to the Harris method 
[92] . 
Electron Microscopy 
Tissues sampled for electron microscopy were: right and 
left atria, right and left ventricles, right and left stellate 
ganglia, right and left vagal nerves, and right and left 
sympathetic nerve trunks. These tissues were cut into 1 mm^ 
pieces, placed in 3% glutaraldehyde in 0.1 M cacodylate 
buffer, and post-fixed in 1% osmium tetroxide. After 
dehydration in an acetone series the tissues were infiltrated 
and embedded in EM bed-812.^ Thick sections of 3 um were cut 
with glass knives, mounted on glass slides and stained with 1% 
toluidine blue in 1% aqueous Na borate, and coverslipped. 
Specific areas were selected for further examination, and the 
blocks were trimmed accordingly. Sections were cut at about 
500 A on a LKB ultratome^ using diamond knives. After 
mounting on copper grids, the sections were stained with 
^Electron Microscopy Sciences, Fort Washington, 
Pennsylvania. 
2 
LKB Instruments, Inc., Rockville, Maryland. 
27 
uranyl acetate and lead citrate. A Hitachi HS-9 electron 
microscope^ was then used for examination of the grids. 
Electrocardiography 
Electrocardiograms were obtained twice daily from all 
dogs as they progressed through the experiment. A base line 
tracing was procured on the day before inoculation. A Burdick 
EK/5A electrocardiograph was used in making all tracings. 
The dogs were positioned in right lateral recumbency 
during the recordings, and a standard three-lead system was 
employed on all occasions. A paper speed of 50 mm/sec and a 
standard of ImV = 1 cm were used throughout the study. 
Serum Isoenzyme Analyses 
Blood specimens were collected twice daily by cephalic 
venipuncture. Collection of specimens started before viral 
inoculation and continued until death or euthanasia. The 
blood was held at room temperature for 20 minutes to permit 
clotting. Serum was collected after the blood was centrifuged 
at 2000 X g for 15 minutes and divided equally into two tubes. 
One tube was retained at room temperature for potassium (K), 
sodium (Na), total CPK, total LDH and LDH isoenzyme analyses 
within 48 hours. The other tube was frozen at -70°C for later 
^Hitachi, Ltd., Tokyo, Japan. 
O 
Burdick Corp., Milton, Wisconsin. 
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assessment of CPK isoenzyme levels. 
Creatine kinase isoenzymes were determined according to 
the procedure as described in the Gelman CK Isoenzyme U. V. 
Reagent Set, Product number 51914^. 
This kit provided the necessary reagents needed for the 
ultraviolet visualization of creatine kinase isoenzymes after 
electrophoretic separation on cellulose membranes. The 
samples were viewed in ultraviolet light (375 nm) to determine 
qualitatively which fractions were present and scanned with a 
densitometer^ for a quantitative analysis. 
Total CPK values were determined according to the 
procedure as described in Worthington's Statzyme® CPK-n-1, 
2 Product number 27250 . The analysis was performed on a 
Rotochem Ila Centrifugal Analyzer^. 
Lactate dehydrogenase isoenzymes were ascertained 
according to the procedure as described in Gelman's LDH 
Isoenzyme Substrate Set, Product number 51244". This method 
allows for the visualization of electrophoretically separated 
LDH isoenzymes at 575 nm of light in a densitometer^. 
^Gelman Sciences Inc., Ann Arbor, Michigan. 
2 Worthington Diagnostic Systems Inc., Freehold, New 
Jersey. 
^American Instruments Co., Silver Spring, Maryland. 
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Total lactate dehydrogenase values were determined 
according to the procedure as described in Worthington's 
Statzyme® LDH (L-P), Product number 27601^. The analysis was 
2 performed on a Rotochem Ila Centrifugal Analyzer . 
Sodium and potassium analyses were performed on a IL 343 
3 Flame Photometer . 
Clinical Signs 
The dogs were monitored twice daily for signs of clinical 
illness and to record rectal temperatures. 
Necropsy 
All dogs were necropsied promptly after death, except 
dogs 3, 8, and 15, which died unexpectedly overnight. Dogs 2, 
11, 12, 18, and 19 died during the observation period, and 
dogs, 1, 4, 5, 6, 7, 9, 10, 13, 14, 16, 17, and 20 were 
euthanatized. Gross lesions were recorded, and tissues were 
taken for viral isolation, histopathology, and electron 
microscopy as listed previously. 
^Worthington Diagnostic Systems, Inc., Freehold, New 
Jersey. 
2 American Instruments, Co., Silver Spring, Maryland. 
^Instrument Laboratories Inc., Lexington, Massachusetts. 
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Rabbit Inoculation 
Seven young adult rabbits were inoculated subcutaneous ly 
with homogenized residual heart tissue from dogs 8, 12, 13, 
14, 15, 18, and 19. Each rabbit received 60 ml of heart 
homogenate from one of the dogs. 
At death, the brain and spinal cord of each rabbit were 
submitted for PRV isolation. Viral isolations were performed 
as previously described for dog tissues. 
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RESULTS 
Clinical Signs 
Pyrexia began in all inoculated dogs between 50 and 84 
hours post inoculation (HPI), usually starting at 72 HPI. 
Once the temperature began to elevate, there was a marked 
increase in the following 12 hours. The highest temperatures 
were recorded at 84 to 108 HPI, with the range of these values 
being 40° C to 41.8° C. The majority of the dogs had a peak 
temperature of 41.2° C to 41.6° C before death or euthanasia. 
All control dogs maintained a normal body temperature. 
Within the first 48 hours after inoculation, all dogs 
maintained normal eating habits, had formed feces, and 
expressed no attitudinal changes. At 48-60 HPI, the first 
signs of illness were noted. These signs were slight 
depression and mild anorexia. 
All intravenously inoculated dogs developed complete 
anorexia with periodic vomiting by 72 HPI. Dogs 1 and 8 also 
had diarrhea by this time. Severe weakness with ataxia and 
depression were present in all four dogs before death. The 
members of this group died or were euthanatized in the 
terminal stages of illness within 84 HPI. 
All intramuscularly inoculated dogs had weakness and pain 
in the inoculated rear leg by 48 HPI, with excessive chewing 
at the leg by 72 HPI. Depression, overall weakness, and 
anorexia became noticeable by 68 HPI. Dog 18 was vomiting and 
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very dyspneic at 96 HPI, and dog 5 developed a loose stool at 
72 HPI. Within 104 HPI all members of this group had died or 
were euthanatized. 
The subcutaneously inoculated group consistently 
developed pruritus at the injection site by 72 HPI. The 
pruritus progressed to violent scratching, with complete 
excoriation of the area, during the next 24 to 36 hours. 
Depression, anorexia, and weakness developed by 76 HPI and 
became progressively worse. Ataxia was observed in dogs 2, 6, 
and 13, with dog 17 becoming very dyspneic at 92 HPI. The 
dogs in this group all died or were euthanatized within 108 
HPI. 
The oral-nasally inoculated dogs had early stages of 
conjunctivitis at 48 HPI, with spasms of the facial muscles 
developing soon after. Rubbing of the eyes became intense at 
60-72 HPI. Dog 12 had copious amounts of saliva at 72 HPI. 
Anorexia, depression, and weakness were seen in all dogs after 
60 HPI. Death or euthanasia within this group occurred before 
80 HPI. 
None of the control group animals had any signs of 
clinical illness. All were euthanatized by 96 HPI. 
Electrocardiography 
All inoculated and control dogs had normal heart rhythm 
patterns in Lead II upon their procurement from Laboratory 
Animal Resources (Figures 1, 3, 5, 9, 11, 13, 15, 17, 21, and 
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23). Lead II was chosen because it best demonstrates changes 
in heart rhythm patterns. Electrocardiographic abnormalities 
documented after inoculation are listed in Table 2. 
Every inoculated dog except dog 10 of group III had an 
electrocardiographic change. The majority of these 
alterations occurred between 72 and 96 HPI, and most persisted 
until the dog died or was euthanatized. 
Serum CPK, LDH, Na, and K Analyses 
Total CPK values obtained are listed in Table 3. CPK 
isoenzyme levels (BB, MM, and MB) are reported in Tables 4, 5, 
and 6, respectively. The results of statistical evaluation of 
total CPK and CPK isoenzymes are shown in Table 7. Total LDH 
values are listed in Table 8. Reported in Tables 9, 10, 11, 
12, and 13 are the isoenzyme levels of LDH-1 to LDH-5, 
respectively. The results of statistical evaluation of total 
LDH and LDH isoenzymes are shown in Table 14. 
Total values of Na and K are found in Table 15 and 16. 
The results of statistical evaluation of total Na and K are 
shown in Table 17. 
Statistical evaluation of the variables was modified by 
recalculating and analyzing the log of the response rather 
than the response itself. The response used in these 
calculations was the last recorded post-inoculation value from 
each dog within each group. This variance-stabilizing 
transformation was needed due to the lack of homogeneity and 
Table 2. Electrocardiographic abnormalities in dogs inoculated with PRV 
Electrocardiographic abnormality Dog identification no. 
GROUP II III IV V 
ventricular premature complexes 11 5,18 6^,13,17 4,12^,15 
ventricular tachycardia 5^,18^ 13® 4 
idioventricular rhythm 2^ 
sinus arrest 
8^ 
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atrial tachycardia 
atrial fibrillation 13^ 
second degree heart block ifiii 3^,5 13^ 
fusion beats 1,14 5 17 4,19^ 
wandering pacemaker 1,14 3",5 17 . 19 
A-V dissociation 5 4,12°,19P 
T-wave abnormalities^ 1,8,11, 14 3,5,18 13,17 4,12 
P-wave abnormalities 1,8,11, 14 3,5 6,17 4 
^Figure 10. 
^Figure 16. 
*^Figure 4. 
"^Figure 22. 
^Figure 19. 
^Figure 2. 
^Figure 6. 
^Figure 12 
^Figure 20, 
^Figure 14. 
^Figure 8. 
^Figure 18. 
"^Figure 24, 
'^Figure 7 . 
Figure 16. 
^Figure 24. 
and P wave abnormalities 
indicate a change in duration 
and/or amplitude of con­
traction . 
Figure 1. Dog 2 ,  Group IV. Preinoculation 
electrocardiogram 
Figure 2. Dog 2, Group IV. Idioventricular rhythm at 
80 HP I 
Figure 3. Dog 5, Group III. Preincoculation 
electrocardiogram 
Figure 4. Dog 5, Group III. Ventricular tachycardia 
at 84 HPI 
LO 
ro 
Figure 5. Dog 3, Group III. Preinoculation 
electrocardiogram 
Figure 6. Dog 3, Group III. Sinus arrest at 60 HPI 
Figure 7. Dog 3, Group 111= Exaggerated wandering 
pacemaker at 78 HPI 
Figure 8. Dog 3, Group III. Second degree heart block 
and a wandering pacemaker at 78 HPI 
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Figure 9. Dog 6, Group IV. Preinoculation 
electrocardiogram 
Figure 10. Dog 6, Group IV. Premature ventricular 
complexes at 96 HPI 
Figure 11. Dog 8, Group II. Preinoculation 
electrocardiogram 
Figure 12. Dog 8, Group II. Atrial tachycardia at 
HPI 

Figure 13. Dog 11, Group II. Preinoculation 
electrocardiogram 
Figure 14. Dog 11, Group II. Second degree heart 
block at 68 HPI 
Figure 15, Dog 12,- Group V. Preinoculation 
electrocardiogram 
Figure 16. Dog 12, Group V. Premature ventricular 
complexes and an atrioventricular 
dissociation at 60 HPI 
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Figure 17. Dog 13, Group IV. Preinoculation 
electrocardiogram 
Figure 18. Dog 13, Group IV. Second degree heart 
block and a wandering pacemaker at 80 HPI 
Figure 19. Dog 13, Group IV. Ventricular tachycardia 
at 96 HPI 
Figure 20. Dog 13, Group IV. Atrial fibrillation at 
102 HPI 
loimiHii 
4^ 
Figure 21. Dog 18, Group III. Preinoculation electro­
cardiogram 
Figure 22. Dog 18, Group III. Supraventricular 
premature complexes and a ventricular 
tachycardia at 96 HPI 
Figure 23. Dog 19, Group V. Preinoculation 
electrocardiogram 
Figure 24. Dog 19, Group V. Atrioventricular 
dissociation and fusion beats at 78 HPI 
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Table 3. Total CPK values^ in controls and dogs inoculated 
with PRV 
Dog no. Hours post inoculation 
0 12 24 36 48 60 72 84 96 
GROUP I 
7 61 64 45 52 64 60 59 42 D 
9 32 28 27 27 23 29 32 33 26 
16 54 64 48 62 47 50 59 45 D 
20 109 85 105 66 93 82 D D D 
GROUP II 
1 29 25 26 26 26 33 186 335 D 
8 65 40 45 42 48 54 60 232 D 
11 74 45 60 55 61 130 748 877 D 
14 78 56 49 40 75 100 139 615 D 
GROUP III 
3 32 39 38 52 35 53 D D D 
5 55 52 62 57 56 69 56 1848 2000' 
10 35 38 30 34 32 37 38 36 92 
18 32 32 31 41 34 37 40 D D 
GROUP IV 
2 42 51 39 83 35 2000^ D D D 
6 113 120 52 43 42 39 46 39^ 516 
13 90 61 56 55 56 97 879 2000" 2000 
17 41 42 51 47 42 36 60 101 125 
GROUP V 
4 55 50 39 33 51 42 472 2000^ D 
12 41 41 33 44 25 108 D D D 
15 25 24 38 33 36 30 117 D D 
19 36 62 31 31 32 30 30 29 D 
^Values are recorded in lU/L. 
^Dog died or was euthanatized before blood sample was 
obtained. 
^Maximum activity level that can be measured by the 
Statzyme® assay system before dilution of serum is required. 
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Table 4. Total CPK-BB values^ in controls and dogs inoculated 
with PRV 
Dog no. Hours post inoculation 
0 12 24 36 48 60 72 84 96 
GROUP I 
7 41.4 43.5 27.4 23.9 46.0 60.0 33.6 14.2 D^ 
9 6.7 7.5 18.9 4.5 23.0 29.0 17.6 31.3 7.5 
16 54.0 64.0 7.6 62.0 47.0 28.0 28.3 12.6 D 
20 65.4 47.6 34.6 15.8 65.1 57.4 D D D 
GROUP II 
1 NT^ NT NT NT NT NT NT NT NT 
8 37.0 18.8 0.0 11.3 36.4 54.0 33.0 48.7® D 
11 46.6 14.4 39.6 53.3 28.0 0.0 37.4 61.3 D 
14 31.2 26.8 12.2 12.0 18.7 49.0 12.5 172.2 D 
GROUP III 
3 NT NT NT NT NT NT NT NT NT 
5 35.2 27.5 30.3 43.3 23.6 18.9 27.4 0.0 160.0 
10 23.1 10.6 13.5 34.0 12.4 37.0 38.0 36.0 13.8 
18 32.0 32.0 29.7 18.4 25.8 37.0 28.0 D D 
GROUP IV 
2 NT NT NT NT NT NT NT NT NT 
6 45.2 8.4 23.9 29.2 17.6 12.0 27.1 16.7 15.4 
13 36.0. 19.5 14.5 17.6 18.4 60.1 8.7 D D 
17 41.0 27.3 46.9 23.5 15.1 34.9 46.8 51.6 45.0 
GROUP V 
4 18.1 8.0 5.0 25.2 35.1 2.1 59.0 40.0 D 
12 10.2 24.6 20.4 14.0 6.7 20.5 D D D 
15 25.0 24.0 10.2 8.5 36.0 21.6 44.4 D D 
19 36.0 62.0 31.0 11.4 2.2 9.6 11.4 8.4 D 
Values recorded in lU/L. 
Dog died or was euthanatized before blood sample was 
obtained. 
*^Not tested. 
^Figure 25. 
^Figure 26. 
^Figure 27. 
^Figure 28. 
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Table 5. Total CPK-MM values® in controls and dogs inoculated 
with PRV 
Dog no. Hours post inoculation 
0 12 24 36 48 60 72 84 96 
GROUP I 
7  1 9 . 5  2 0 . 4  2 . 7  2 1 . 8  1 0 . 2  0  1 0 . 0  1 3 . 8  d  
9  1 5 . 0  8 . 9  8 . 1  1 4 . 5  0  0  6 . 4  1 . 6  6 . 7  
1 6  0  0  3 5 . 0  0  0  2 2 . 0  1 5 . 9  2 2 . 9  d  
2 0  4 3 . 6  3 2 . 3  3 4 . 6  3 5 . 6  2 7 . 9  2 4 . 6  d  d  d  
group i i  
1  nt^ d n t  n t  n t  n t  n t  n t  n t  ^  n t  
8  2 7 . 9  2 0 . 8  4 5 . 0  1 6 . 3  4 . 8  0  1 0 . 2  1 2 0 . 6 ®  u  
1 1  1 0 . 3  2 7 . 4  1 . 2  0  1 7 . 6  1 1 9 . 6  6 6 5 . 7  7 6 2 . 9  d  
1 4  3 1 . 2  1 5 . 9  2 4 . 9  2 2 . 8  4 0 . 5  2 6 . 0  7 9 . 2  3 1 9 . 8  d  
group i i i  
3  n t  n t  n t  n t  n t  n t  n t  n t  n t  
5  1 9 . 8  2 4 . 4  3 1 . 6  1 3 . 1  2 7 . 1  4 9 . 6  2 6 . 3  1 8 4 8  1 8 4 0  
1 0  2 . 4  1 1  . 4  6 . 3  0  1 6 . 0  0  0  0  4 0 . 4  
1 8  0  0  0  2 2 . 5  8 . 1  0  1 2 . 0  d  d  
group i v  
2  n t  n t  n t  n t  n t  n t  n t  n t  n t  
6  3 7 . 2  9 8 . 4  1 4 . 5  3 . 0  1 4 . 2  1 2 . 8  7 . 3  8 . 4  4 9 5 . 1  
1 3  4 0 . 5  2 6 . 8  3 1 . 3  3 1 . 2  2 6 . 3  1 9 . 4  1 3 7 0 . 2  1 9 8 0 . 0  1 9 8 0 .  
1 7  0 ^  8 . 4  0  1 8 . 8  9 . 6  1 . 0  4 3 . 2  4 9 . 4  4 2 .  
group v  
4  3 6 . 8  4 2 . 0  3 3 . 9  7 . 7  1 5 . 8  3 9 . 9  4 1 3 . 0  1 9 6 0 . 0  d  
1 2  3 0 . 3  1 6 . 4  2 . 6  1 9 . 8  1 1 . 5  6 6 . 9  d  d  d  
1 5  0  0  1 7 . 4  1 5 . 1  0  6 . 6  4 2 . 1  d  d  
1 9  0  0  0  1 2 . 0  2 2 . 4  1 6 . 5  9 . 5  1 2 . 7  d  
Values recorded in lU/L. 
^Dog died or was euthanatized before blood sample was 
obtained. 
^Not tested. 
^Figure 25. 
^Figure 26. 
^Figure 27. 
^Figure 28. 
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Table 6. Total CPK-MB values^ in controls and dogs inoculated 
with PRV 
Dog no. Hours post inoculation 
0 12 24 36 48 60 72 84 96 
GROUP I 
7 0 0 14.8 6.2 7.6 0 15.3 W
 
00
 
9 10.2 11.2 0 7.8 0 0 11.2 0 11.7 
16 0 0 5.2 0 0 1.0 14.7 9.4 D 
20 0 5.1 14.7 14.5 0 0 D D D 
GROUP II 
1 NT° NT NT NT NT NT NT NT ^ NT 
8 0^ 0 0 14.2 6.7 0 16.8 62.6® D 
11 17.0 3.1 19.2 1.6 15.8 10.4 44.8 52.6 D 
14 15.6 13.1 11.7 5.2 15.7 25.0 29.1 123.0 D 
GROUP III 
3 NT NT NT NT NT NT NT NT NT 
5 0 0 0 0.5 5.1 0 2.2 0 0 
10 9.4 18.2 10.2 0 3.5 0 0 0 37.7 
18 0 0 1.8 0 0 0 0 D D 
GROUP IV 
2 NT NT NT NT NT NT NT NT NT 
6 30.5 13.2 13.5 10.7 10.0 14.0 11.5 14.8 5.1 
13 13.5 14.6 10.0 6.0 11.2 17.4 0 0 0 
17 0 6.3 4.0 4.7 17.2 0 0 0 U)
 
00
 
o
 
GROUP V 
4 0 0 0 0 0 0 0 0 D 
12 0.4 0 9.9 10.0 6.7 20.5 D D D 
15 0 0 10.2 9.2 0 1.8 30.4 D D 
19 0 0 0 7.4 7.3 3.9 8.7 7.8 D 
^Values recorded in lU/L. 
^Dog died or was euthanatized before blood sample was 
obtained. 
°Not tested. 
^Figure 25. 
^Figure 26. 
^Figure 27. 
^Figure 28. 
Table 7. Post inoculation means® of CPK in controls and dogs inoculated 
with PRV 
Untransformed means 
Group Total CPK CPK-MB CPK-MM CPK-BB 
I 48.75 8.72 17.0 22.92 
II 514.7 79.4 401.10 94.06 
III 546.7 12. 56 630.90 67.26 
IV 1398.2 59.13 1100.90 37.43 
V 563.5 14.67 520.42 29.32 
II-V 755.7 41.44 663.33 56.76 
Transformed means 
Group Total CPK CPK-MB CPK-MM CPK-BB 
I 1.66 0.82 1.21 1.25 
II 2.65 1.87 2.49 1.90 
III 2.15 0.52 1.99 1.61 
IV 3.08 1.00 2.96 1.06 
V 2.22 0.94 1.97 1.39 
II-V 2.5* 1.08 2.35* 1.49 
^Values recorded in lU/L. 
^Statistically significant (P < .05). 
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Table 8. Total LDH values^ in.controls and dogs inoculated 
with PRV 
Dog no. Hours post inoculation 
0 12 24 36 48 60 72 84 96 
GROUP I 
7 16 19 13 18 19 12 14 14 D 
9 13 13 10 15 14 13 8 9 11 
16 24 19 25 38 16 40 48 30 D 
20 23 28 26 22 13 33 D D D 
GROUP II 
1 NT^ NT NT NT NT NT NT NT NT 
8 24 14 14 16 20 16 42 54 D 
11 36 25 15 27 28 43 61 D D 
14 16 18 27 29 35 23 26 64 D 
GROUP III 
3 19 19 15 38 13 29 37 D D 
5 33 12 12 48 18 43 28 104 105 
10 16 19 17 15 17 14 11 19 35 
18 19 22 15 19 17 27 36 690 D 
GROUP IV 
2 13 21 16 78 18 196 D D D 
6 19 16 14 14 20 28 154 D D 
13 27 24 22 18 29 54 112 301 373 
17 19 20 20 24 20 17 23 38 167 
GROUP V 
4 22 36 34 19 42 20 71 185 D 
12 30 21 19 44 18 72 D D D 
15 27 23 22 24 62 48 64 D D 
19 20 31 17 18 20 15 24 20 D 
^Values recorded in lU/L. 
^Dog died or was euthanatized before blood sample was 
obtained. 
^Not tested. 
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Table 9. Total LDH-1 values® in controls and dogs inoculated 
with PRV 
Dog no. Hours post inoculation 
0 12 24 36 48 60 72 84 96 
GROUP I 
7 1.9 4.0 2.2 5.0 4.8 1.9 2.3 2.5 D 
9 4.0 2.3 3.0 5.1 3.3 3.4 2.1 2.4 2.0 
16 6.7 3.2 5.6 5.5 3.2 3.2 6.0 3.6 D 
20 5.8 8.1 5.5 5.0 5.1 5.2 D D D 
GROUP II 
1 NT*^ NT NT NT NT NT NT NT D 
8 7.6 4.0 2.9 5.4 4.9 4.3 6.7 21.3 D 
11 3.0 2.0 2.7 3.8 2.5 2.6 24.4 D D 
14 2.4 3.6 4.8 1.8 4.0 3.4 4.1 16.9 D 
GROUP III 
3 1.6 1.7 1.9 6.8 4.3 6.2 D D D 
5 14.5 3.0 3.6 22.8 8.8 18.7 6.3 48.3 40.9 
10 2.6 4.0 2.2 3.4 2.9 1.4 1.2 3.0 5.9 
18 4.5 4.6 3.7 3.8 5.0 5.0 8.6 144.9 D 
GROUP IV 
2 2.9^ 3.9 2.9 14.8 7.9 72.5® D D D 
6 1.4. 3.2 3.7 4.3 8.0 6.1 5.0 3.2 23.8 
13 6.2 1.6 4.1 3.9 12.4 13.7 31.3 76.7 83.9' 
17 5.5 6.0 4.7 5.7 5.6 4.0 4.4 10.8 25.0 
GROUP V 
4 4.8 6.3 2.5 4.1 6.3 6.1 17.7 61.9 D 
12 4.5 5.2 2.8 13.2 2.5 12.9 D D D 
15 5.4 4.6 6.0 6.2 22.0 6.7 13.4 D D 
19 6.2 8.6 3.4 3.7 5.2 4.0 6.7 5.6 D 
^Values recorded in lU/L. 
"^Dog died or was euthanatized before blood sample was 
obtained. 
^Not tested. 
^Figure 31. 
^Figure 32. 
^Figure 29. 
^Figure 30. 
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Table 10. Total LDH-2 values^ in controls and dogs inoculated 
with PRV 
Dog no. Hours post inoculation 
0 12 24 36 48 60 72 84 96 
group I 
7 1.6 3.3 1.8 3.4 3.0 1.6 1.9 2.3 D^ 
9 2.6 2.7 1.8 2.8 2.5 2.4 1.3 0.9 0.1 
16 4.0 2.6 4.2 12.5 2.5 4.6 2.6 3.0 D 
20 3.9 3.6 3.6 3.1 1.7 6.7 D D D 
group II 
1 NT^ NT NT NT NT NT NT NT NT 
8 3.6 2.6 2.9 2.2 3.4 2.5 5.0 7.2 D 
11 3.2 4.0 2.5 4.0 2.6 3.2 17.6 D D 
14 1.9 2.2 3.2 1.7 3.1 3.9 5.2 9.2 D 
group III 
3 1.5 2.4 0.6 1.5 2.1 3.3 D D D 
5 3.9 0.9 1.6 6.0 2.5 4.3 4.3 24.9 24.1 
10 2.6 2.5 2.2 2.4 2.8 1.0 0.7 3.2 7.0 
18 4.3 4.0 3.2 2.8 2.9 3.6 4.6 165.6 D 
group IV 
2 2.5^ 2.4 0.2 3.9 2.7 60.7® D D D 
6 0.7. 0.5 2.2 2.5 2.9 3.7 22.3 D d  ^  
13 3.5^ 4.0 3.9 3.3 6.5 7.2 29.1 75.2 87.6^ 
17 5.5 1.7 3.8 4.6 3.4 1.0 5.2 6.0 28.3 
group V 
4 3.0 4.3 1.3 1.9 2.7 1.9 13.1 41.6 D 
12 5.4 2.8 2.9 5.7 2.8 12.9 D D D 
15 3.5 2.3 2.7 3.3 8.6 4.5 3.5 D D 
19 4.9 7.4 3.3 2.9 4.0 2.7 3.7 4.2 D 
Values recorded in lU/L. 
^Dog died or was euthanatized before blood sample was 
obtained. 
"^Not tested. 
^Figure 31. 
"Figure 32. 
Figure 29. 
^Figure 30. 
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Table 11. Total LDH-3 values^ in controls and dogs inoculated 
with PRV 
Dog no. Hours post inoculation 
0 12 24 36 48 60 72 84 96 
GROUP I 
7 5.7 5.1 4.0 6.8 5.7 4.2 4.0 3.7 D^ 
9 3.4 3.9 2.8 4.3 4.3 3.9 2.8 2.9 2.0 
16 5.5 6.2 5.7 9.8 10.0 11.6 10.5 5.4 D 
20 6.9 7.0 7.0 5.7 2.8 9.0 D D D 
GROUP II 
1 NT^ NT NT NT NT NT NT NT NT 
8 5.1 4.0 4.7 3.8 6.4 4.6 13.0 15.1 D 
11 9.3 8.0 3.6 6.6 6.0 7.0 11.5 D D 
14 6.0 5.0 9.0 7.1 10.8 8.6 9.6 16.0 D 
GROUP III 
3 4.6 5.1 3.6 2.6 4.0 4.9 0 D D 
5 6.4 3.7 2.3 10.5 3.2 7.0 7.9 21.3 22.0 
10 5.1 6.8 4.9 5.9 6.1 1.0 5.6 7.2 10.5 
18 5.8 5.3 3.6 4.6 3.0 6.3 7.5 165.6 D 
GROUP IV 
2 3.1^ 3.7 2.3 3.1 4.4 33.3® D D D 
6 3.4, 1.4 2.7 1.8 2.1 6.1 49.2 D D 
13 6.7^ 10.8 5.9 5.4 6.3 16.4 32.4 3.2 82.0-
17 4.9 4.6 7.9 6.2 7.8 7.8 7.7 13.3 55.1 
GROUP V 
4 5.5 8.1 9.8 7.3 19.3 5.4 18.4 41.6 D 
12 10.0 4.6 6.0 7.0 4.8 23.7 D D D 
15 5.9 6.7 5.7 5.8 11.7 11.2 24.6 D D 
19 4.6 6.5 3.7 4.7 5.2 3.9 4.6 5.0 D 
^Values recorded in lU/L. 
^Dog died or was euthanatized before blood sample was 
obtained. 
^Not tested. 
^Figure 31. 
^Figure 32. 
^Figure 29. 
^Figure 30. 
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Table 12. Total LDH-4 values^ in controls and dogs inoculated 
with PRV 
Dog no. Hours post inoculation 
0 12 24 36 48 60 72 84 96 
GROUP I 
7 3.2 3.3 2.4 0.7 2.5 1.6 2.4 2.1 D'^  
9 1.3 1.5 1.1 1.2 1.5 1.4 1.1 0.6 D 
16 3.3 2.0 2.2 6.2 5.9 9.0 6.2 6.3. D 
20 2.3 1.4 4.0 3.9 5.1 5.6 D D D 
GROUP II 
1 NT"^ NT NT NT NT NT NT NT NT 
8 3.7 0.7 1.9 1.9 2.7 2.0 6.7 5.4 D 
11 6.3 3.2 2.4 3.3 5.7 5.5 5.4 D D 
14 3.2 3.1 4.4 4.0 5.9 2.3 3.3 7.0 D 
GROUP III 
3 5.6 6.2 4.5 5.1 1.1 4.4 D D D 
5 2.3 1.7 1.4 4.3 1.3 3.6 5.1 1.0 8.4 
10 2.2 2.1 3.4 1.9 2.5 2.3 1.8 2.4 5.4 
18 2.4 3.5 2.1 3.4 1.5 4.0 5.7 72.4 D 
GROUP IV 
2 2.6^ 5.2 3.5 7.8 1.4 5.8® D D D 
6 8.7. 6.7 3.6 2.5 4.9 9.2 33.1 D D . 
13 4.3^ 4.0 3.5 2.1 1.0 3.5 10.0 24.0 26.1-
17 2.8 2.1 2.0 3.6 1.2 2.2 2.5 3.8 21.7 
GROUP V 
4 3.4 5,0 9.5 0.4 5.6 4.2 6.0 14.8 D 
12 4.3 2.6 2.3 5.2 2.7 10.8 D D D 
15 4.8 3.6 2.6 3.2 7.1 8.1 7.0 D D 
19 1.4 1.2 1.5 1.9 1.6 1.5 2.6 2.2 D 
^Values recorded in lU/L. 
^Dog died or was euthanatized before blood sample was 
obtained. 
^Not tested. 
'^Figure 31. 
^Figure 32. 
^Figure 29. 
^Figure 30. 
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Table 13. Total LDH-5 values^ in controls and dogs inoculated 
with PRV 
Dog no. Hours post inoculation 
0 12 24 36 48 60 72 84 96 
GROUP I 
7 3.5 3.1 2.3 1.9 2.8 2.4 3.2 3.2 D^ 
9 1.4 2.4 1.2 1.6 2.2 1.7 0.4 1.8 D 
16 4.3 4.7 7.1 11.4 14.2 11.6 22.5 11.7 D 
20 4.0 7.8 5.8 4.0 1.6 9.2 D D D 
GROUP II 
1 NT NT NT NT NT NT NT NT 
8 3.8 1.1 1.4 2.5 2.6 2.4 10.5 4.8 D 
11 14.0 8.8 3.8 9.1 8.1 24.5 4.2 D D 
14 2.4 3.9 5.4 14.2 44.2 4.7 3.6 14.0 D 
GROUP III 
3 5.6 3.4 4.2 21.8 1.3 10.0 D D D 
5 5.7 2.5 2.9 4.8 1.0 9.2 4.2 8.3 9.4 
10 3.2 3.3 4.0 1.2 2.4 3.0 1.4 3.0 6.1 
18 1.7 4.4 2.3 4.1 4.4 7.8 9.3 141.1 D 
GROUP IV 
2 1.7^ 5.5 6.9 49.1 1.5 22.5® D D D 
6 4.6 4.0 1.6 0.9 5.1 5.6 25.4 D D , 
13 6.2^ 3.3 4.4 3.1 2.6 13.5 8.9 61.7 93.2-
17 2.9 5.6 1.6 3.7 2.0 1.8 2.9 3.9 36.7 
GROUP V 
4 5.1 12.2 10.7 5 = 1 5.6 6.1 15.6 24.9 D 
12 5.7 5.6 4.7 12.7 3.9 11.5 D D D 
15 7.2 5.6 4.8 5.2 12.4 17.2 15.3 D D 
9 2.7 7.1 5.0 4.5 1.0 2.8 6.2 3.0 D 
^Values recorded in lU/L. 
^Dog died or was euthanatized before blood sample was 
obtained. 
^Not tested. 
'^Figure 31. 
^Figure 32. 
^Figure 29. 
^Figure 30. 
Table 14. Post inoculation means^ of LDH in controls and dogs inoculated with 
PRV 
Untransformed means 
Group Total LDH LDH-1 LDH-2 LDH-3 LDH-4 LDH-5 
I 22.0 3.3 2.27 5.02 3.50 6.02 
II 59.66 20.86 11.33 14.20 5.93 7.66 
III 216.75 49.47 50.00 51.75 22.65 41.72 
IV 222.50 51.3 49.97 54.90 21.67 44.45 
V 85.25 23.45 15.55 23.72 8.70 13.67 
II-V 146.04 36.27 31.71 35.89 14.73 26.87 
Transformed means 
Group Total LDH LDH-1 LDH-2 LDH-3 LDH-4 LDH-5 
I 1.31 0.61 0.45 0.73 0.54 0.68 
II 1.78 1.33 1.06 1.17 0.83 0.88 
III 2.00 1.37 1.28 1.35 1.09 1.26 
IV 2.32 1.65 1.64 1.72 1.28 1.58 
V 1.81 1.22 1.03 1.30 0.91 1.08 
II-V 1.97* 1.39* 1.25* 1.38* 1.02 1.20 
^Means recorded in IU/L» 
^Statistically significant (P < .05). 
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Table 15. Total Na values® in controls and dogs inoculated 
with PRV 
Dog no. Hours post inoculation 
0 12 24 36 48 60 72 84 96 
GROUP I 
7 147 149 149 148 143 147 147 147 d '  
9 148 144 145 145 149 151 152 152 157 
16 149 146 145 146 144 144 145 144 d  
20 151 153 157 155 153 151 d  d  d  
GROUP II 
1 NT*^ NT NT NT NT NT NT NT NT 
8 148 146 143 145 144 144 143 142 d  
11 149 148 149 149 143 143 146 d  d  
14 151 156 150 156 149 151 143 145 d  
GROUP III 
3 NT NT NT NT NT NT NT NT NT 
5 151 147 142 145 157 151 147 147 146 
10 151 145 144 142 149 148 155 154 148 
18 151 150 150 153 155 152 153 156 D 
GROUP IV 
2 NT NT NT NT NT NT NT NT NT 
6 148 149 150 149 148 152 155 162 143 
13 154 156 159 158 158 150 152 158 160 
17 150 148 149 152 154 151 153 150 148 
lUP V 
4 NT NT NT NT NT NT NT NT NT 
12 148 146 147 148 144 147 d  d  d  
15 153 151 149 149 148 147 155 d  d  
19 151 152 152 153 153 155 153 153 d  
^Values recorded in meq./L. 
^Dog died or was euthanatized before blood sample was 
obtained. 
^Not tested. 
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Table 16. Total K values^ in controls and dogs inoculated 
with PRV 
Dog no. Hours post inoculation 
0 12 24 36 48 60 72 84 96 
GROUP I 
7 5.5 5.2 4.9 5.0 5.1 5.0 4.8 4.7 
9 4.8 4.9 5.0 5.0 5.0 4.9 4.9 5.1 5.2 
16 5.3 5.2 5.5 5.5 5.3 4.9 5.8 4.8 D 
20 4.2 4.7 4.7 4.5 4.6 4.9 D D D 
GROUP II 
1 NT^ NT NT NT NT NT NT NT NT 
8 5.7 5.7 4. 8 5. 5 4.4 4. 2 4. 1 4. 3 D 
11 5.5 5.3 5. 1 5. 6 4.6 4. 7 5. 1 D D 
14 5.0 5.4 5. 0 5. 4 4.5 4. 4 4. 3 4. 2 D 
GROUP III 
3 NT NT NT NT NT NT NT NT NT 
5 5.1 4.4 4.8 4.7 5.2 4.4 4.3 4.3 3.6 
10 4.9 4.7 5.0 4.6 5.2 4.7 4.6 4.2 3.9 
18 4.6 4.9 5.0 4.9 4.7 4.7 4.5 4.4 D 
GROUP IV 
2 NT NT NT NT NT NT NT NT NT 
6 4.3 4.8 5.0 4.6 4.8 5.2 4.9 5.0 3.6 
13 5.0 5.1 4.5 4.9 5.1 4.0 4.4 3.7 4.5 
17 4.6 4.8 4.9 4.5 4.9 4.8 4.5 4.4 4 . 8  
GROUP V 
4 NT NT NT NT NT NT NT NT NT 
12 4.1 4.6 4.2 4.6 4.1 4.2 D D D 
15 5.5 5.4 4.9 5.0 5.1 4.6 4.4 D 0 
19 4.7 4.5 4.6 4.8 4.6 4.8 4.5 4.5 D 
^Values recorded in meq./L. 
^Dog died or was euthanatized before blood sample was 
obtained. 
^Not tested. 
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Table 17. Post inoculation means^ of Na and K in controls and 
dogs inoculated with PRV 
Group 
Untransformed means 
Na K 
I 149.75 4.9 
II 144.33 4.5 
III 150.00 3.9 
IV 152.33 4.6 
V 151.66 4.3 
II-V 149.58 4.3 
Transformed means 
Group Na K 
I 2.17 .77 
II 2.16 .73 
III 2.17 .69 
IV 2.18 .74 
V 2.18 .72 
II-V 2.17 .72 
^Values recorded in meq./L. 
* 
Statistically significant (P < .05). 
Figure 25. Dog 8, Group II. Preinoculation values^ for CPK 
isoenzymes; MM 27.9, BB 37.0, and MB 0.0 
Figure 26. Dog 8, Group II. CPK isoenzyme values^ at 84HPI: 
MM 120.6, BB 48.7, and MB 62.6 
Figure 27. Dog 17, Group IV. Preinoculation CPK isoenzyme 
values : BB 41.0, MM 0.0, and MB 0.0 
Figure 28. Dog 17, Group IV. CPK isoenzyme values^ at 96 
HPI: BB 45.0, MB 38.0, and MM 42.0 
^Values recorded in lU/L. 
63 
CPK 0 MPI 
jnm 
84HPI 
bb 
I 17 Q MPI 
CFK 17 96 MPI 
Figure 29. Dog 13. Group IV. Preinoculation LDH isoenzyme 
values : 1—6.2, 2-3.5, 3-6.7, 4-4.3, and 5—6.2 
Figure 30. Dog 13, Group IV. LDH isoenzyme values® at 84HPI: 
1-76.7, 2-75.2, 3-63.2, 4-24.0, and 5-61.7 
Figure 31. Dog 2, Group IV. Preinoculation LDH isoenzyme 
values®: 1-2.9, 2—2.5, 3—3.1, 4—2.6, and 5-1.7 
Figure 32. Dog 2, Group IV. LDH isoenzyme values® at 60 
HPI: 1-72.5, 2-61.7, 3-33.4, 4-5.8, and 5-22.5 
®Values recorded in lU/L • 
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large variances within the groups. Statistical significance 
at P < 0.05 was used in contrasting control and inoculated 
group means using a one way analysis of variance. 
Total CPK and CPK-MM were both significantly different at 
P < 0.05 when comparing inoculated groups (II-V) to the 
control group (I). 
Statistical significance was documented between the 
inoculated groups (II-V) and the control group (I) in the 
following categories; total LDH, LDH-1, LDH-2, and LDH-3. 
Statistical significance (P < 0,05) of potassium values 
was noted between inoculated and control dogs but individual 
values never exceeded the accepted normal range of 3.6-5.6 
meg/1 [90]. 
Gross Lesions 
Among the intravenously inoculated group, the most 
consistent gross pathological finding was excessive intestinal 
catarrhal exudate. Dog 11 also had approximately 75 ml of 
hemorrhagic pericardial fluid and prominent endocardial, 
epicardial, and myocardial hemorrhages in the left ventricle. 
Dog 1 had similar heart lesions but to a milder degree. The 
whole group had reddened lungs, with dogs 8 and 11 having more 
exaggerated lesions and pulmonary edema. 
All dogs inoculated intramuscularly had large excoriated 
areas around the injection sites in their rear legs. 
Edematous fluid and hemorrhagic foci were present in the 
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muscle and subcutaneous tissue. Dog 5 had excessive catarrhal 
exudate in the small intestine. Dog 18 had large, multifocal 
areas of endocardial, myocardial, and epicardial hemorrhage in 
the left ventricle. Dogs 3 and 5 had similar but less severe 
ventricular lesions. These two dogs also had hemorrhagic foci 
on the epicardial surface of the right atrium. Dogs 3, 5, and 
18 had diffuse reddening of the lung parenchyma, and pulmonary 
edema was present in dog 18. 
The subcutaneously inoculated group all featured severe 
excoriation at the injection site and large areas of 
subcutaneous edema below these traumatized zones. Regional 
lymph nodes were moderately enlarged and congested. Dogs 13 
and 17 had abundant amounts of intestinal catarrhal exudate, 
and dog 13 had frank blood in the jejunal lumen. Dogs 2 and 
13 had variably sized endocardial, epicardial, and myocardial 
hemorrhages of both ventricles, and dog 13 had approximately 
50 ml of yellow-tinged pericardial fluid (Figure 33). 
Pulmonary reddening was apparent in all members of the group, 
and dog 13 had very obvious pulmonary edema in all lung lobes. 
All of the oral-nasally inoculated dogs had self-
inflicted traumatic wounds around the eyes and forehead. 
Subcutaneous edema was usually associated with these areas. 
Inflammation of the conjunctival membranes was also a 
prominent feature. Dog 12 had multifocal, variably sized 
areas of hemorrhage in the subendocardium and myocardium of 
the left ventricle. An excessive catarrhal exudate covered 
Figure 33. Dog 13, Group IV. Note multifocal variably 
sized ventricular and atrial hemorrhages 
Figure 34. Dog 15, Group V. Note multifocal variably 
sized ventricular hemorrhages 
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most of the small intestinal mucosa. Dog 15 had hemorrhagic 
foci of the endocardium, myocardium, and epicardiuiti of both 
ventricles (Figure 34). All four dogs in the group had 
diffuse reddening of the lungs. Irregular areas that were 
more intensely reddened were found in dog 12. 
None of the control dogs had gross lesions at the time of 
necropsy. 
Microscopic Lesions 
Intravenous group 
Microscopic lesions of the right atrium were present in 
all members of this group. Necrosis, inflammatory cell 
infiltrates of neutrophils and lymphocytes, and pale 
basophilic intranuclear inclusions within neurons were all 
noted to some degree within the autonomic ganglia and nerve 
tracts of the right atrium (Figure 35-37, and 39). Vasculitis 
and perivasculitis, with extension into the surrounding 
myocardium, was marked. This inflammatory response consisted 
of coagulative necrosis of groups of myofibers, with some 
fibers appearing swollen, granular, and deeply eosinophilic. 
Lymphocytic and neutrophilic infiltrates and some foci of 
hemorrhage were seen. 
Hemorrhage was accompanied by myocardial degeneration in 
both the left and right ventricles of dogs 1 and 11 and to a 
lesser degree in dog 8 (Figures 38 and 40). Hemorrhage was 
also obvious in subendocardial regions of the ventricles in 
Figure 35. Dog 11, Group II. A nerve tract in the 
wall of the right atrium has a 
lymphoplasmacytic infiltrate, coagulative 
necrosis, congestion and intranuclear 
neuronal inclusions. H. & E. x 180 
Figure 36. Dog 11, Group II. Higher magnification of 
Figure 35. Distinct intranuclear inclusion 
bodies (arrows) with margination of chromatin. 
H. Se E. X 450 
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Figure 37. Dog 1, Group II. Autonomie ganglion near 
the sino-atrial node of the right atrium 
features distinct intranuclear inclusion 
bodies (arrows) within neurons. A mild 
lymphoplasmacytic infiltrate is present in 
the surrounding fascia. H. & E. x 450 
Figure 38. Dog 11, Group II. Myocardial coagulative 
necrosis and extensive areas of hemorrhage 
in the left ventricle. Small granules of 
heraatin pigment are diffusely scattered 
over the tissue. H. & E. x 70 
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Figure 39. Dog 1, Group II. A nerve tract in the wall 
of the right atrium is characterized by a 
prominent lyraphoplasmacytic infiltrate, 
neuronal degeneration with necrosis, and 
intranuclear inclusion bodies within 
neurons. H. & E. x 180 
Figure 40. Dog 1, Group II. Hemorrhage, coagulative 
necrosis of myofibers, and a 
lymphoplasmacytic infiltrate mixed with 
neutrophils are present in the left 
ventricle. H. & E. x 260 
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these 3 dogs. The inflammatory response was similar to that 
described in the atria but with more hemorrhage and less 
cellular infiltration. Ventricular lesions were not found in 
dog 14. 
Necrosis of lymphoid follicles was found in the spleen, 
tonsils, and Beyer's patches of all dogs. Ganglioneuritis of 
the myenteric plexuses, with neuronal intranuclear inclusions, 
was present in dogs 8, 11, and 14 (Figure 41). Fibrinoid 
necrosis of gastric submucosal blood vessels was very 
prominent in dog 11 (Figure 42). 
Another consistent finding was generalized interstitial 
thickening of the pulmonary septa. These thickened septa 
contained excessive numbers of histiocytes, some neutrophils, 
fibrin, and congested capillaries. Dog 8 had diffuse alveolar 
flooding with proteinaceous fluid. Hepatic congestion of 
varying degrees occurred in all members of the group. 
Central nervous system lesions varied from mild to none. 
Dog 14 had a mild perivascular lymphocytic cuffing in the 
medulla and focal perivascular hemorrhages in the pons and 
thalamus. Dog 8 had similar perivascular cuffs in the spinal 
cord associated with mild gliosis and small multifocal bands 
of necrosis in the gray matter. Central nervous system 
lesions were not found in dogs 1 and 11. The stellate ganglia 
in dogs 1, 8, and 11 featured lesions similar to those in the 
myenteric plexuses (Figures 43 and 44). The sympathetic nerve 
trunks were also involved in these three dogs. Lymphocytic 
Figure 41. Dog 14, Group II. Myenteric plexus in the 
jejunum has an extensive lymphoplasTnacytic 
infiltrate, neuronal degeneration, and 
necrosis. H. & E. x 180 
Figure 42. Dog 11, Group II. Fibrinoid degeneration 
(arrow) and vasculitis of vessel walls in 
the submucosa of the stomach. H. & E. x 
180 
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Figure 43. Dog 1, Group II. The left stellate 
ganglion has a pronounced lymphoplasmacytic 
infiltrate, neuronal degeneration, and 
intranuclear neuronal inclusion bodies. 
H. & E. X 180 
Figure 44. Dog 1, Group II. Higher magnification of 
Figure 43. Distinct intranuclear 
inclusions are noted within neurons 
(arrows). H. & E. x 450 
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infiltrates, necrosis, and intranuclear inclusions were 
observed. 
The autonomic ganglia associated with the adrenal gland 
had necrotizing ganglioneuritis in dogs 1 and 8. 
Intramuscular group 
Dogs 3 and 5 showed extensive changes in the atria that 
were more frequent on the right side. These changes were 
characterized by prominent areas of hemorrhage, myolysis, 
neutrophilic and lymphocytic infiltrations, vasculitis, and 
intranuclear neuronal inclusions in autonomic ganglia. Most 
of the inflammatory alterations were focused around blood 
vessels and nerve tracts (Figures 45-48). Microscopic lesions 
were not found in the atria of dogs 10 and 18. 
Ventricular lesions consisted of variably sized zones of 
hemorrhage and myocardial degeneration in dogs 3, 5, and 18 
(Figures 50 and 52). Most of the changes were in the left 
ventricle. The myofibers in these areas were disrupted, 
focally swollen, and granular, changes indicating that they 
had started to undergo coagulative necrosis. Dogs 5 and 18 
had very evident vasculitis within the myocardium (Figure 49). 
Ventricular changes were not found in dog 10. 
Lymphoid follicular necrosis in the tonsils and spleens 
was consistently found in this group. Interstitial thickening 
of alveolar septa in dogs 5 and 10 consisted of an increase in 
histiocytes, neutrophils, and some fibrin accumulation. 
Figure 45. Dog 3, Group III. An autonomie ganglion in 
the wall of the right atrium features 
distinct intranuclear neuronal inclusions 
(arrows) and a prominent lymphoplasmacytic 
infiltrate. Note extension of the 
inflammatory reaction into the surrounding 
adipose tissue. H. & E. x 180 
Figure 46. Dog 3, Group III. This nerve tract and 
surrounding myocardium near the sino-atrial 
node features interstitial edema, myofiber 
degeneration, and neutrophilic and 
lymphoplasmacytic infiltrates with an 
associated vasculitis. H. & E. x 180 
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Figure 47. Dog 5, Group III. Prorainent vasculitis 
(arrow) in the right atrium, with 
hemorrhage into the surrounding myocardium. 
Necrosis with karyorrhexis is also present. 
H. & E. X 180 
Figure 48. Dog 5, Group III. Fibrinoid degeneration 
and inflammatory infiltrates in the wall of 
a blood vessel in the right atrium. Note 
hemorrhage and inflammatory cells in the 
surrounding myocardium. H. & E. x 450 
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Figure 49. Dog 5, Group III. Prominent vasculitis 
in the myocardium of the right ventricle 
(arrows). H. & E. x 180 
Figure 50. Dog 18, Group III. Extensive hemorrhage 
and coagulative myocardial necrosis in the 
left ventricle. H. & E. x 70 
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Figure 51. Dog 5, Group III. Left stellate ganglion 
has prominent intranuclear inclusions in 
neurons and satellite cells, neuronal 
degeneration, and a lymphoplasraacytic 
infiltrate. H. & E. x 450 
Figure 52. Dog 5, Group III. A large focus of 
myocardial hemorrhage in the right 
ventricle. H. & E. x 70 
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Congestion of pulmonary vessels was found in all members of 
the group. Pulmonary congestion was most severe in dog 3. 
Hepatic congestion was also a consistent finding. 
Alterations in the central nervous system were minimal. 
A mild lymphocytic meningitis was found in dogs 5 and 18, and 
they also had perivascular lymphocytic cuffs, gliosis, and 
malacia within the spinal cord. 
Ganglia associated with the vagus nerve were notably 
involved in dog 3. Necrosis, hemorrhage, neutrophilic 
infiltrates, and intranuclear inclusions within neurons and 
satellite cells were the main alterations (Figure 53). The 
stellate ganglia and sympathetic nerve trunks in dogs 3 and 5 
had similar alterations (Figures 51 and 54). 
Subcutaneous group 
The atria were most affected in dog 2. The right atrium 
had multifocal areas of myolysis and necrosis in association 
with inflammation of autonomic nerve tracts or with 
lymphocytic vasculitis and perivasculitis. Hemorrhagic foci 
and coagulative necrosis were apparent both in myocardial and 
endocardial locations. Dogs 6 and 13 had similar, but less 
severe, lesions. Microscopic lesions were not found in the 
atria of dog 17. 
Dogs 2 and 13 had well-marked zones of myocardial and 
endocardial hemorrhage in both ventricles, the most severe 
occurring in the left ventricle. Related to these hemorrhagic 
Figure 53. Dog 3, Group III. A ganglion associated 
with the right vagus features a prominent 
lymphoplasmacytic infiltrate, neuronal 
degeneration, and intranuclear inclusions 
within neurons. H. & E. x 180 
Figure 54. Dog 3, Group III. A ganglion associated 
with the right sympathetic nerve trunk 
features neutrophilic and lymphoplasmacytic 
infiltrates, vasculitis, neuronal 
degeneration and intranuclear neuronal 
inclusions. H. & E. x 180 
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regions was myocardial coagulative necrosis, with neutrophilic 
and lymphocytic infiltrates. Myofibers were markedly 
disrupted, with many appearing swollen, granular, and deeply 
eosinophilic (Figures 55 and 58). Muscle nuclei in these 
zones were pyknotic or karyolytic. Dogs 6 and 17 showed only 
minor changes of a similar nature in the ventricles. 
All dogs had moderate lymphoid necrosis in the 
tonsils, Beyer's patches, and spleen. 
Diffuse hepatic congestion was a consistent finding in 
all members of this group. A mild increase of lympho-
plasmacytic cells was found in the lamina propria of the small 
intestine. Prominent vasculitis with fibrinoid degeneration 
in the submucosal vessels of the stomach was noted in dog 2. 
This group all featured pulmonary alterations that were 
characterized by diffuse interstitial thickening composed of 
mononuclear inflammatory cell infiltrates, congested 
capillaries, some neutrophils, and fibrin accumulation. 
Lesions were present in the spinal cord of all dogs in 
this group. They consisted of perivascular lymphocytic cuffs, 
glial nodules, multifocal areas of malacia, and small 
hemorrhagic foci. Extension of the inflammation into the 
leptomeninges was noted only in dog 6. Similar lesions were 
apparent in the medulla of dogs 2 and 6. 
The stellate ganglia and sympathetic trunks of dogs 2, 
13, and 17 had pale basophilic intranuclear inclusions in both 
neurons and satellite cells. Varying numbers of neutrophils 
Figure 55. Dog 13, Group IV. Hemorrhage and 
coagulative myocardial necrosis in the left 
ventricle. H. & E. x 260 
Figure 56. Dog 2, Group IV. Left stellate ganglion 
has intranuclear neuronal inclusions, 
vasculitis, and lymphoplasmacytic 
infiltrates. H. & E. x 180 
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Figure 57. Dog 2, Group IV. The right sympathetic 
nerve trunk (double headed arrow) has 
extensive amounts of hemorrhage and 
lyraphoplasmacytic infiltrates. Distinct 
vasculitis (larger arrow) in the 
surrounding fascia is present. 
H. & E. X 260 
Figure 58. Dog 2, Group IV. Vasculitis and 
perivasculitis (arrow) in the myocardium of 
the right ventricle. Involvement of an 
associated nerve tract is present. 
H. & E. X 180 
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and lymphocytes were associated with regions of necrosis 
(Figures 56 and 57). 
Oral-nasal group 
Heart lesions were present in all dogs within this group. 
Each dog had lesions in both the right and left ventricles. 
These changes varied from severe multifocal areas of 
hemorrhage and myocardial degeneration to small zones of 
myolysis. Several dogs had prominent foci of coagulative 
necrosis of groups of rayofibers, with some interstitial 
mononuclear inflammatory cells and neutrophils (Figures 59-
61). Dogs 4, 12, and 19 had atrial changes of a similar nature 
but to a lesser extent. Marked myocardial vasculitis with 
arterial wall damage and inflammatory cell infiltrates, was 
found in dog 12. Pale basophilic intranuclear inclusions were 
visible within cells of the autonomic ganglia of the right 
atrium of dog 4. These inclusions were mainly within neurons. 
Each of the dogs had mild to moderate changes in the 
lungs consisting of atelectasis, congestion, and increased 
thickness of alveolar walls. This increased thickness was due 
to neutrophilic and histiocytic infiltrates, congested 
capillaries, and fibrin accumulation. Intra-alveolar 
hemorrhage was noted in dog 12. 
The livers were consistently congested, and lymphoid 
follicular necrosis occurred in the spleens and tonsils. 
Inflammation of myenteric plexuses was pronounced in dog 4. 
Figure 59. Dog 12, Group V. Extensive hemorrhage and 
coagulative myocardial necrosis in the left 
ventricle. H. & E. x 180 
Figure 60. Dog 15, Group V. Mild degree of 
hemorrhage in the left ventricle. 
H. & E. X 180 
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Figure 61. Dog 4, Group V. A large focus of 
myocardial hemorrhage in the left 
ventricle. H. & E. x 70 
Figure 62. Dog 4, Group V. Intranuclear inclusions 
(arrows) and a prominent lyraphoplasmacytic 
infiltrate in the left stellate ganglion. 
H. & E. X 180 
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This change was characterized by neuronal death, accumulation 
of necrotic debris, and infiltration by neutrophils and 
lymphocytes. Pale basophilic intranuclear inclusions were 
present within some neurons. 
A generalized lymphoplasmacytic enteritis was notable in 
all dogs in the group. Dog 19 also had focal areas of 
necrosis within the lamina propria of the villus tips in the 
jejunum. Accompaning this necrosis was a mild infiltration of 
eosinophils. 
Lymphocytic perivascular cuffs, hemorrhage, microgliosis, 
neuronal degeneration, glial nodules and vascular congestion 
of varying degrees were found in the medulla and pons in dogs 
12, 15, and 19. 
The stellate ganglia in dogs 4, 12, and 15 were 
characterized by pale basophilic intranuclear inclusions in 
both neurons and satellite cells, a prominent infiltrate of 
lymphocytes and some neutrophils, and varying amounts of 
necrotic debris (Figure 62). Most of the areas of 
inflammation were around vascular channels. 
Dog 4 also had a focal lesion of the vagus nerve which 
consisted of lymphocytic infiltration and neuronal 
degeneration. 
Control group 
No microscopic lesions were present in any of the control 
dogs. 
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Electron Microscopy 
In the selected tissues examined, viral particles were 
demonstrated in neurons and satellite cells in the sympathetic 
nerve trunks (Figures 63 and 64), stellate ganglia {Figure 
55), and autonomic ganglia of the right atrium (Figure 66). 
Virus was also found within endothelial cells in the 
myocardium (Figure 67). The position of these herpes-like 
particles was mainly intranuclear, but cytoplasmic particles 
were also seen. The cells that contained icosahedral 
nucleocapsids had marked margination of nuclear chromatin. 
Viral particles were not found in myocardial cells after 
an extensive search in over 150 grids. 
Electron microscopic alterations of damaged myocardium 
included the following: 1) more pronounced swelling of 
mitochondria, with fragmentation and loss of cristae, 2) 
appearance of amorphous matrix densities in mitochondria, 3) 
focally discontinuous gaps in the sarcolemmal membrane,- 4) 
marked relaxation in myofibrils to a very compact contraction 
of myofibrils, 5) margination of nuclear chromatin, 6) 
depletion of glycogen and lipid droplets, 7) disorganization 
of cell organelles, 8) dilation of sarcoplasmic reticulum, 9) 
disruption of the structure of the myofilaments, 10) mineral 
deposits, 11) myocytolysis, and 12) endothelial cell 
degeneration (Figure 58). 
Figure 63. Dog 4, Group V. Electron micrograph of the 
left sympathetic nerve trunk featuring a 
myelinated Schwann cell. Note margination 
of nuclear chromatin and the presence of 
nucleocapsids in the nucleus. Arrow 
indicates the area of the insert, x 8,000 
Insert: Higher magnification of complete 
nonenveloped nucleocapsids (solid arrow) 
and incomplete nonenveloped nucleocapsids 
(hollow arrow) in the karyoplasm. x 55,800 
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Figure 64. Dog 4, Group V. Electron micrograph of the 
left sympathetic nerve trunk featuring a 
myelinated Schwann cell. Note margination 
of nuclear chromatin and the presence of 
nucleocapsids in the nucleus. Arrow 
indicates the area of the insert, x 8,000 
Insert: Higher magnification of 
nucleocapsids in the karyoplasm. x 62,000 
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Figure 65. Dog 2, Group V. Electron micrograph of the 
left stellate ganglion. Note raargination 
of nuclear chromatin and the presence of 
nucleocapsids in the nucleus. Excessive 
vacuolization is noted in the cytoplasm. 
Arrow indicates the area of the insert, x 
6,000 
Insert: Higher magnification of 
nucleocapsids in the karyoplasm. x 77,700 
M 
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Figure 66. Dog 3, Group III. Electron micrograph of 
the autonomic ganglion in the right atrium. 
Note the margination of nuclear chromatin, 
with the presence of nucleocapsids in the 
nucleus. Arrow indicates the area of the 
insert, x 17,700 
Insert: Higher magnification of 
nucleocapsids in the karyoplasm. x 55,800 
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Figure 67. Dog 8, Group II. Electron micrograph of a 
damaged endothelial cell (E) in the left 
ventricle. The presence of nucleocapsids 
are noted in the nucleus. Arrow indicates 
area of insert, x 1,500 
Insert: Higher magnification of 
incomplete, nonenveloped nucleocapsids 
(hollow arrow) and nonenveloped, complete 
nucleocapsids (solid arrow) in the 
karyoplasm. x 35,300 
s i t  
Figure 68. Dog 5, Group III. Electron micrograph of a 
damaged myocardial cell (M) associated with 
fibrin (F) and a mononuclear inflammatory 
cell. Normal myocardium is present in the 
upper right of the micrograph, x 6,000 
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Viral Isolation 
Pseudorabies virus was isolated from the nasal swabs of 
dog 12 taken 24, 48, and 72 hours after oral-nasal 
inoculation. Virus was not isolated from nasal swabs of other 
dogs or from any oral swabs (Table 18). 
Pseudorabies virus was isolated from the following 
tissues and dogs; heart of dogs 3, 5, 8, 11, 13, and 15; 
tonsil of dog 12; jejunum of dog 11; brain of dogs 4, 6, 11, 
12, and 19; spinal cord of dogs 3, 4, 5, 6, 10, 11, and 13; 
and the stellate ganglion of dog 6 (Table 19). 
Isolation of PRV was successful from tissues of the 
central nervous system in three rabbits that received heart 
tissue inoculums from dogs 8, 13, and 15. 
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Table 18. Viral isolation results from swabs of oral 
cavities of dogs inoculated with PRV 
and nasal 
Dog no. Swab 
specimen 
Hours post inoculation 
0 24 48 72 96 
7 oral 
nasal —»  ^ — 
NT® 
NT 
9 oral 
nasal — — — — 
-
10 oral 
nasal 
— — — — 
-
11 oral 
nasal 
— — — — NT 
NT 
12 oral 
nasal — + + + 
NT 
NT 
13 oral 
nasal 
— — — — 
-
14 oral 
nasal — — — — 
NT 
NT 
15 oral 
nasal 
— — — — NT 
NT 
17 oral 
nasal 
— — — — 
-
18 oral 
nasal 
— — — — 
-
®Not tested. 
Table 19. Viral isolation results from dogs inoculated with pseudorabies virus 
Tissue Dog identification no. 
Group I Group II Group III Group IV Group V 
7 9 16 20 1 8 11 14 3 5 10 18 2 6 13 17 4 12 15 19 
3 0 j unuin — — — — —— 4- — — — — — — — — — — — — — 
stomach _________ _ _ ___ _ __ _ _ _ 
parotid _________ _ _ ___ _ - - -
cerebrum ________ + _ _ ___ _ - + + - + 
cerebellum - -- -- -- -- - - - - - - - - - - -
medulla — — — — —— + — — — — — — + — — — + — — 
pons - - - ___ _ __ 4- - + 
thalamus - -- -- -- -- - - - -+ - - + + - + 
spinal 
coird — — — — — — + -^4- + + — — + + — + — — — 
stellate 
ganglia _________ _ _ - - + - - - - -
vagus -------- - - - ___ - -
sympathetic 
chains _________ _ _ - - - - - - - - -
right 
atrium _________ + _ - - - - - - -
Tissue Dog identification no. 
Group I Group II Group III Group IV Group V 
9 16 20 1 8 11 14 3 5 10 18 2 6 13 17 4 12 15 19 
left 
atiriuin — — — — —— 4" — + — — — — — — — — — — 
left 
ventricle - - - - - - - - - - -
right 
ventricle - -- -- -- -- - - - - - - - - -
intravent. 
septum -------- - - - - - - - -
res. heart ^ , . . K K 
composite *****+* — ** * _** + **_ + 
tonsil — — — — —— — — — — — — — — — — — + — 
adrenal -------- - - - - - - -
lung 
liver 
spleen 
kidney 
duodenum 
^*Signifies not tested. 
'^Tissue culture inoculums from these residual heart composites were injected 
subcutaneously into rabbits and all died between 60-72 hours. 
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DISCUSSION 
The clinical signs observed in the inoculated dogs were 
similar to those reported by previous workers describing 
naturally occurring PRV infections [5-8,54,55]. Pruritus and 
self-mutilation of the injection site or around the head was a 
consistent finding, except in the intravenously inoculated 
group. Temperatures to over 40.5° C were strongly correlated 
with anorexia and central nervous system depression. The 
uniform rise in body temperature is in agreement with most 
reports [7,55,93] but disagrees with an article by Pensaert at 
al. [2], who noted a temperature elevation in only 1 of 4 PRV 
infected dogs. 
Vomiting, sometimes accompanied by diarrhea, was observed 
in half of the inoculated dogs. The intravenous group all had 
emesis, while only one in the intramuscular group and one in 
the oral-nasal group had similar signs. Diarrhea was in 
evidence in one animal in each inoculated group. Hugoson and 
Rockborn [54] and Gore et al. [6] described similar 
gastrointestinal manifestations. Excessive salivation is a 
more common clinical sign in naturally occurring cases [7,93] 
and was observed in 2 of 4 oral-nasally inoculated dogs in 
this experiment. Epiphora and conjunctivitis also occurred in 
those same 2 dogs. 
Hysteria and convulsions as previously reported were not 
noted [93]. However, terminal coma was observed in many of 
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the dogs, as has been noted by others [2,55]. 
Gross lesions varied from none to severe, with several 
dogs having minimal changes. However, alterations such as 
local trauma with edema, intestinal and gastric mucoid 
exudate, frank blood in the intestines, congestion of lungs 
and liver, pulmonary edema, meningeal congestion, and 
myocardial hemorrhages were all documented in various 
combinations and severity in this study. These findings are 
similar to those reported by previous workers [3,5,6,55]. 
Electrocardiographic abnormalities are common in various 
human viral cardiomyopathies but only have been alluded to in 
reference to PRV [11] . With coxsackie virus infections in 
humans, electrocardiographic tracings are virtually always 
abnormal. ST segment and T wave changes and arrhythmias, 
often ventricular in origin with AV conduction disturbances 
are common [94]. Patients with echovirus infection can 
display ventricular arrhythmias, complete AV block and 
transient nonspecific changes [95]. 
Influenza virus infection has been reported to cause T 
wave abnormalities, conduction defects, and even complete AV 
block [96]. Electrocardiographic changes in patients with 
poliomyelitis are frequent and consist of ST segment and T 
wave abnormalities, prolongation of the PR and QT intervals, 
extrasystoles, tachycardia, and atrial fibrillation [97]. 
Patients with mumps may have ST segment and T wave 
abnormalities with extrasystoles and AV conduction blocks. 
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Similar variations have also been observed with infections 
with infectious mononucleosis virus, cytomegalovirus, and 
herpes simplex virus [68,98]. Complete heart block and 
ventricular arrhythmias are frequent in clinical cases of 
respiratory syncytial viral infections of humans [99]. 
Many of these same electrocardiographic changes were 
common in this research, with 15 of 16 inoculated dogs having 
some type of abnormality. Most of these alterations were 
transient and nonspecific, but some were persistent and 
refractory. Refractory arrhythmias can cause sudden death 
[96] and are most likely the reason for some unexplained 
deaths with PR. 
The correlation of electrocardiographic changes with 
myocardial damage in this research was striking. All the 
animals that presented electrocardiographic abnormalities had 
visible heart lesions. The one dog which had no 
electrocardiographic alteration had no myocardial lesions. 
With regard to the severity of the heart lesions, the 
intravenous and intramuscular routes of infection clearly were 
associated with the most severe lesions, while the oral-nasal 
and subcutaneous groups were affected to a lesser degree. 
Ventricular myocardial hemorrhage, myocytolysis, and necrosis 
with inflammation were the most frequent lesions found. 
Atrial damage was similar but not as extensive in most cases. 
Many of the lesions were associated with inflammatory 
reactions involving blood vessels, nerves, or ganglia. 
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Myocardial damage appeared to radiate from these areas. 
The types of cardiac lesions found in this study agree 
with the work done by Flir [3] but is less supportive of the 
report by Pensaert et al. [2]. 
It has been suggested by Dow and McFerran that cardiac 
lesions might depend on a hematogenous dissemination of the 
virus [5]. In this project, cardiac lesions were documented 
by all routes of inoculation, including the more natural oral-
nasal route. 
Since PRV was demonstrated in injured endothelial cells 
in the myocardium by electron microscopy, the cause of 
myocardial hemorrhage and necrosis may be endothelial damage 
after hematogenous dissemination. However, a better 
hypothesis is that excessive stimulation of the stellate 
ganglion, as a major pathway of cardiac sympathetic 
innervation, can cause the same type of lesions. 
Nearly 80% of the dogs with myocardial lesions also 
featured marked changes in the stellate ganglia with various 
types of infiltrating inflammatory cells, necrosis, and 
herpes-like intranuclear inclusions. 
Investigations on electrical stimulation of stellate 
ganglia leading to myocardial hemorrhage and necrosis suggest 
that the reduced end-systolic volume due to an increased force 
of contraction results in mechanical damage within the heart 
[100] . Also, the oxygen demand of the overstimulated heart is 
markedly increased and may lead to relative ischemia, which 
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contributes to lesion formation [100]. 
Cardiac sympathetic sensory endings with myelinated and 
unmyelinated fibers are excited by ischemia and are capable of 
eliciting a cardio-cardiac sympathetic reflex. This 
sympathetic reflex, which takes place within a few seconds 
after the onset of ischemia, plays an important role in the 
genesis of early ventricular arrhythmias. The excitation of 
cardiac sympathetic afferents can also reflexly inhibit the 
activity of efferent vagal cardiac fibers, which slow the 
heart rate. Inhibition of vagal impulses impairs the 
maintenance of an optimal heart rate and facilitates the 
occurrence of dangerous tachycardia [101,102]. 
Pathological axons have an extensive repertoire of 
inappropriate ectopic excitability, including spontaneous 
activation, repetitive responses to single stimuli and 
mechanosensitivity [103]. In rats infected intraocularly with 
PRV, neurons of the superior sympathetic ganglion show 
spontaneous activity characterized by periodic bursts of 
action potentials recorded on both the post- and presynaptic 
nerves [104] . 
Contributing to this mechanism may be the destruction of 
parasympathetic autonomic ganglia in the right atrium. Such 
lesions occurred in seven of the dogs. With these structures 
being functionally compromised, the sympathetic aspect of 
cardiac regulation may become dominant. These lesions are 
similar to those reported by Becker and Bergmann in swine 
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[11] . 
Over 150 grids of damaged myocardium were examined by 
electron microscopy without finding PRV in myocardial cells. 
We conclude that the pathogenesis for heart lesions of PR is 
best explained by endothelial damage and/or overstimulation of 
the myocardium due to excessive sympathetic nervous system 
input through the stellate ganglia. 
Pulmonary and hepatic congestion suggestive of heart 
failure occurred in many of the animals and supports the 
concept that cardiovascular compromise was a main feature in 
the terminal stages of the disease. 
Three dogs in the intravenous group and one in the oral-
nasal group featured ganglioneuritis of the myenteric plexuses 
in the jejunal and duodenal walls. Similar lesions in a 
naturally infected pack of hounds have been described [6]. 
Changes in the central nervous system were less severe 
than anticipated from a review of the literature. The spinal 
cord and medulla had the most prevalent array of lesions. 
Significant elevations (P < 0.05) of total CPK and the 
isoenzyme CPK-MM in infected dogs correlated well with the 
self-mutilation and muscle damage undergone by many of these 
dogs. 
Serum levels of isoenzymes CPK-BB and CPK-MB were not 
significantly different from those of control animals. 
However, a number of dogs had sharp increases in the MB band 
on the last day of illness. 
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With the marked gross and microscopic changes in most of 
the dogs hearts, one would have predicted more conspicuous 
alterations in CPK-MB levels. There appears to be no clear 
single explanation for not having obtained those results. 
Rather, a combination of factors may have been involved. Some 
of those are as follows: 1) there may not have been adequate 
amounts of myonecrosis in some dogs, 2) not enough time had 
elapsed between the initiation of myocardial lesions and when 
the blood samples were taken, and 3) death of the animal may 
have occurred before the meaningful sample was taken. 
The examination of lactate dehydrogenase levels revealed 
significant (P < 0.05) increases in total LDH and in the 
isoenzymes LDH-1, LDH-2, and LDH-3 in inoculated dogs. Since 
these three fractions contain mostly polypeptide chains of 
myocardial origin, with LDH-1 being heart-specific, the levels 
observed would suggest myocardial necrosis [85]. 
Evaluating the serum levels of sodium and potassium 
during the course of the infection did not reveal any values 
above or below the normal accepted ranges for these 
electrolytes [90] . Therefore, electrolyte levels had no 
influence on electrocardiographic tracings. 
Viral isolation attempts from nasal and oral swabs were 
consistently negative except in one oral-nasally inoculated 
dog that had virus in nasal secretions for the first three 
days following inoculation. This same dog was positive on 
viral isolation from the tonsil. These findings are similar 
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to previous reports stating that the canine is not a good 
transmitter of PRV through oral or nasal secretions [5,54]. 
PRV was isolated mainly from specimens of the central 
nervous system, which is consistent with previous 
investigations [2,5,7], PRV was isolated from only one 
stellate ganglion, despite the fact that a majority of animals 
had direct evidence that the virus was in fact present 
(intranuclear inclusion bodies, viral particles visible on 
electron microscopy). The reason for this may relate to 
specimen collection. We attempted to divide the ganglion into 
three pieces, and in many cases meager amounts of tissue were 
submitted for viral isolation. A second reason may have been 
that thorough homogenization with viral release may not have 
been adequately achieved during processing due to the 
excessive fibrous connective tissue associated with the 
ganglia. 
On first submission of heart tissue for viral isolation, 
three of sixteen dogs came back PRV positive. However, when 
the remaining bulk of the heart of seven previously PRV 
negative dogs was homogenized and injected subcutaneously into 
rabbits, six of seven died within 72 hours with classic signs 
of PR. Three of these rabbits were PRV positive on viral 
isolation from submitted brain and spinal cord tissues. 
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SUMMARY 
Twenty dogs of various breeds and ages were divided into 
5 groups of 4 dogs each. Four groups were inoculated with an 
Iowa isolate of pseudorabies virus (PRV). The virus was 
administered subcutaneously, intramuscularly, intravenously, 
or oral-nasally. Twice daily, electrocardiograms and serum 
samples for LDH and CPK isoenzyme analysis were taken. Upon 
death, the dogs were examined virologically and histologically 
to determine the relationship of PRV to the development of the 
heart lesions. 
Abnormal electrocardiographic tracings were documented in 
fifteen of sixteen inoculated dogs. Persistent and transitory 
arrhythmias of various types were consistent findings. 
Myocardial lesions were found in these same fifteen dogs. 
Ventricular lesions consisting of hemorrhage, myocardial 
degeneration with inflammation, and vasculitis were the most 
prominent changes. Atrial lesions were noted in many of the 
animals, but they were generally less severe. 
Ganglioneuritis of the stellate ganglia was a consistent 
alteration, and similar changes occurred in the autonomic 
ganglia of the right atrium. 
Intranuclear inclusions typical of herpesvirus were 
demonstrated by electron microscopy in the stellate ganglia, 
autonomic ganglia of the right atrium, sympathetic nerve 
trunks, and endothelial cells of the vessels of the heart. 
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PRV inclusions were not found in myocardial cells. 
Levels of LDH-1, LDH-2, LDH-3 and CPK-MM were 
significantly (P < 0.05) elevated in inoculated dogs, whereas 
CPK-MB was not elevated. 
Transmission of PRV from oral and nasal secretions during 
active infections is unlikely, because virus was isolated from 
nasal swabs of only one dog and from none of the oral swabs. 
It was concluded that PRV infections in the canine can 
cause myocardial damage by producing endothelial cell 
disruption or by a marked ganglioneuritis of the stellate 
ganglia, resulting in excessive sympathetic stimulation to the 
myocardium. The lesions resulting from these mechanisms can 
initiate arrhythmias, which may lead to sudden death. 
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